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PREPACB. 


It  bss  been  the  purpose  of  the  Author  in  the  composition 
of  this  work  to  lay  before  the  reader,  in  a  dear  and  concise 
manner,  the  principles  of  astronomy,  developed  and  demon* 
strated  in  ordinary  and  popular  language,  capable  of  being 
understood  by  those  who  may  be  possessed  of  an  average 
amount  of  general  knowledge.  Perhaps  at  no  time  more  than 
the  present,  when  by  the  influence  of  the  Oxford  and  Cam- 
bridge middle-class  examinations,  the  education  of  the  youth 
of  tlie  present  generation  is  receiving  xmusual  attention,  has 
the  want  been  more  felt  of  elementary  works  on  the  different 
branches  of  scientific  knowledge,  possessing  soimd  and  reliable 
information  expressed  in  language  attractive  to  the  reader. 
The  study  of  such  works  would  prepare  him  for  more  ad- 
vanced treatises  on  the  separate  sciences. 

In  the  present  edition  of  this  work  the  Editor  has  endeavotu^ 
80  to  arrange  the  various  sections  of  the  science,  as  to  exhibit 
to  the  inquiring  reader  the  various  movements  and  physical 
peculiarities  of  the  different  members  of  the  solar  system,  with* 
out  embarrassing  his  mind  with  mathematical  symbols ;  for 
tbou^  s^bolical  explanations  may  seem  to  the  advanced 
student  to  be  a  necessaiy  adjunct  for  the  proper  elucidation  of 
the  difierent  problems,  yet  it  not  unfrequently  happens  that 
the  reader,  with  less  mathematical  proficiency,  would  altogether 
fiul  in  the  study  of  this  science,  were  it  not  for  the  assistance 
afforded  by  popular  and  elementaiy  works  written  in  a  Ian- 
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guage  comprehended  by  all.  To  the  student  of  the  higher  or 
mathematical  branches  of  astronomy,  this  work,  however,  will 
also  be  found  interesting  and  instructiye,  as  he  will  find 
information  of  the  most  valuable  kind  in  it,  fer  much  of  which 
he  may  look  in  vain  in  works  of  higher  pretensions. 

It  is  well  known  that  students  may  pass  through  their 
educational  course  without  acquiring  even  a  general  know- 
ledge of  geometry  and  algebra.  To  all  such  persons,  mathe- 
matical treatises  on  astronomy  must  be  sealed '  books.  Such 
students,  notwithstanding  their  inability  to  imderstand  works 
of  that  kind,  may  acquire  a  considerable  acquaintance  with 
this  science,  by  consulting  the  various  divisions  of  a  work 
like  the  present,  which  though  free  from  the  usual  symbols 
of  mathematical  explanations,  is  founded  on  reasoning  suffi- 
ciently satis&ctory  and  conclusive. 

The  rapid  succession  of  discoveries  by  which  astronomical 
knowledge  has  been  extended  during  the  last  twenty -two  years 
has  rendered  elementary  works  on  astronomy,  published  pre- 
viously to  1 845,  to  a  certain  extent,  obsolete ;  while  the  in- 
creasing taste  for  the  cultivation  of  the  science,  and  the  multi- 
plication of  private  observatories  and  amateur  observers,  have 
created  a  demand  for  treatises,  which  shall  comprise  not  only 
explanations  of  the  movements  of  the  earth  and  the  other 
bodies  of  the  solar  system,  but  also  illustrations  of  the  physical 
appearances  of  the  different  planets,  the  information  on  which 
can  only  otherwise  be  obtained  by  reference  to  the  Transactions 
of  the  various  scientific  societies  of  different  coimtries,  formed 
for  the  encouragement  of  astronomy  and  the  other  physical 
sciences. 

In  illustration  of  this,  we  have  only  to  refer  the  reader  to 
the  results  which  have  been  obtained  from  the  researches  of 
original  inquirers,  and  from,  the  labours  of  observers,  which 
have  been  carefuUy  reviewed,  and  from  which  large  selections 
have  been  made,  and  presented  to  the  reader  in  a  popular  and 
instructive  form.    In  cases  where  the  subject  required  graphic 
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illustrations  for  its  better  elucidation,  and  when  such  repre- 
sentations could  be  obtained  from  original  and  authentic 
sources,  they  have  been  unsparingly  supplied. 

Ab  examples  of  this  we  may  refer  among  the  planetary 
objects  to  the  beautiful  delineations  of  the  Moon  and  Mars 
by  MM«  Beer  and  Miidler;  those  of  Jupiter  by  Sir  John 
Herachel  and  M.  Madler ;  and  those  of  Saturn  by  MM.  Dawes 
and  Schmidt:  among  cometaiy  objects,  to  the  magnificent 
drawings  of  £ncke*s  comet  by  M.  Struve,  and  to  those  of 
Halley's  comet  by  MM.  Struve,  Maclear,  and  Smyth;  and 
among  stellar  objects,  to  the  splendid  selection  of  stellar 
dusters  and  nebulae,  which  are  reproduced  from  the  originals 
of  the  Earl  of  Eosse  and  Sir  John  Herschel.  We  also  draw 
attention  to  the  remarkable  drawings  of  solar  spots  by  MM. 
Capocci  and  Pastorff,  delineations  of  which  will  be  fotmd  in 
this  Tolume. 

To  hare  entered  into  the  details  of  the  business  of  an  obser- 
vatory, beyond  those  explanations  which  are  necessary  and 
sufficient  to  give  the  reader  a  general  notion  of  the  processes 
by  which  the  principal  astronomical  data  are  obtained,  would 
not  have  been  compatible  with  the  popular  character  and 
limited  dimensions  of  such  a  treatise  as  the  present. 

It  has,  neyertheless,  been  thought  advisable  to  insert  in  the 
body  of  the  work,  short  notices  of  the  most '  remarkable  astro- 
nomical instruments,  celebrated  as  examples  of  beauty  of 
construction  combined  with  unusual  stability.  Most  of  these 
instruments,  especially  the  great  equatorial,  recently  erected 
at  the  Boyal  Observatoiy,  Greenwich,  are  magnificent  models 
of  engineering  skill,  and  reflect  honour  on  all  who  may  have 
assisted  in  their  construction.  Well  executed  drawings  ot 
most  of  these  astronomical  instruments  will  be  found  inserted 
in  the  chapter  devoted  to  this  subject,  the  originals  for  some 
of  which  have  been  either  supplied  by  or  made  imder  Uie 
superintendence  of  the  eminent  astronomers  imder  whose 
direction  the  instruments  are  placed. 
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The  progrees  of  astronomical  diaooveij  has  in  no  section  of 
the  science  shown  greater  actiyily  than  in  that  treating  of  the 
nmnerous  planets  composing  the  solar  system,  to  which  haT« 
been  added  since  the  jear  1845,  no  fewer  than  eighty-seven  of 
those  minute  bodies  whose  orbits,  without  excepdon,  are  in- 
cluded between  those  of  Mars  and  Jupter.  Hie  reader  will 
find  in  the  chapter  under  the  name  of  '<  The  PlanetoidB,'* 
infermation  r^;arding  the  discoveiy  of  each  of  these  planets, 
together  with  other  matter  relating  to  them,  the  planets  ap- 
pearing in  the  order  of  their  discoveiy.  The  Editor  is  not 
aware  of  any  woric  containing  the  same  amount  of  information 
on  all  the  planetoids,  the  existence  of  which  was  known  at 
the  date  of  passing  the  chapter  through  the  press. 

In  the  body  of  the  work,  chiefly  on  account  of  ihe  limited 
extent  of  the  yolimie,  subjects  which  require  some  amount  of 
mathematical  elucidation  are  necessarily  omitted.  Those  of 
our  readers  who  wish  to  enter  upon  the  study  of  the  theoretical 
branches  of  the  science,  such  as  the  theory  of  planetary  per- 
turbations, or  the  lunar  theoiy,  dec,  should  select  those  works 
which  are  specially  prepared  for  students  in  the  universities, 
<m  each  of  these  important  subjects.  Our  limits  will  not 
allow  us  to  include  them  without  sacrificing  other  instructive 
matter  which  agrees  more  with  the  objects  and  intentions  of 
this  work.  The  reader  will,  however,  find  inserted  in  the 
concluding  chapter,  further  explanations  on  a  few  questions 
which  in  an  earlier  portion  of  the  work  have  been  partially 
treated  on  in  the  text 

The  tabular  numbers  representing  the  principal  elements  of 
the  various  members  composing  the  solar  system,  have  been 
selected  fix)m  the  most  recent  authorities.  Those  tables  which 
are  the  result  of  computation,  have  all  undergone  rearrange- 
ment and  recalculation,  and  the  uipunte  numbers  will,  it 
is  hoped,  be  consequentij  rec^ved  with  some  d^ee  of 
confidence. 


NOTE  TO  THE  THIRD  EDITION. 


Lr  preparing  this  Edition^  it  lias  not  been  considered  necessary 
to  make  anj  serious  alteration  in  the  material  or  arrangement 
adopted  in  the  Second  Edition.    We  have,  however,  given  the 
woric  a  caiefnl  revision.    In  conformity  with  the  opinion  of  our 
leading  astronomers^  the  mean  equatorial  horizontal  parallax  of 
the  son  has  now  been  authoritatively  increased  firom  8^^*5776  to 
8^^-94.    The  modification  of  this  standard  element  in  astronomy 
has  created  the  necessity  of  our  making  important  numerical  cor- 
rections throughout  the  volume  corresponding  to  the  amount  of 
the  increase.    We  have  also  added,  as  an  Appendix,  Ij^rief  notes, 
or  abstracts,  of  a  few  of  the  principal  recent  astronomical  re- 
aeaichea;  and  in  Chapter  XY.  notices  of  the  discovery  of  thirty- 
tiiree  additional  minor  planets  have  been  inserted. 

E.D. 

[:  Febnuify%  1867. 


NOTE. 


Reference  ia  frequently  made  in  the  text  of  this  volume  to  the 
paragraphs  contained  in  the  ''Handbooks  of  Natural  Philosophy," 
by  Dr.  Lardner,  which  bear  on  the  same  subject  as  that  under 
discussion.  The  name  of  the  work  corresponding  to  each  letter  of 
reference  is  therefore  inserted  below  as  an  assistance  to  Uie  reader, 
who  will  find  in  these  separate  tzeatises  several  explanationa  of 
subjects  which  tend  to  elucidate  more  clearly  those  given  in  this 
volume. 

The  volume  on  MECHAmcs  is  referred  to  by  the  letter  M. 
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CHAPTER  I. 

METHODS  OF  IXVKSTIOATION  AND  MBAHS  OF  0B8BBVATI0X 

I.  Tne  solar  system. — The  earth,  which  in  the  economj  of  the 
oni  verse  has  become  the  habitation  of  the  races  of  men,  is  a  globular 
ma&}  of  matter^  and  one  of  an  assemblage  of  bodies  of  l^e  form 
and  analogous  magnitude  which  revolve  in  paths  nearly  circular 
round  a  common  centre,  in  which  the  sun,  a  globe  having  dimen- 
aions  rastly  greater  than  all  the  others,  is  established,  maintaining 
physical  order  among  them  bj  his  predominant  attraction,  and 
ministering  to  the  well-being  of  the  tribes  which  inhabit  them  by 
a  fit  and  regulated  supply  of  light  and  heat 
This  group  of  bodies  is  the  Solak  System. 

2.  Tlie  stellar  nniverse. — In  the  vast  regions  of  space  which 
surround  this  system  other  bodies  similar  to  the  suu  are  placed, 
countless  in  number,  and  most  of  them,  according  to  all  probability, 
superior  in  magnitude  and  splendour  to  that  luminary.  With 
these  bodies,  which  seem  to  be  scattered  throughout  the  depths  of 
immensity  without  any  discoverable  limit,  we  acqiure  some  ac- 
quaintance by  the  mere  powers  of  natural  vision,  aided  by  those  of 
tiie  understanding;  but  this  Imowledge  has  received,  especially  in 
modem  times,  prodigious  extension  from  the  augmented  range 
given  to  the  eye  by  the  telescope,  and  by  the  great  advances  which 
have  been  made  in  mathematical  science,  which  may  be  considered 
as  conferring  upon  the  mind  the  same  sort  of  enlarged  power  as  the 
telescope  has  conferred  upon  the  eye. 

3.  Snlijeot  of  astronomy — origrln  of  tlie  name. — The  in- 
vestigation of  the  magnitudes,  distances,  motions,  local  arrange- 
ments, and,  so  far  as  it  can  be  ascertained,  the  physical  condition 
of  these  great  bodies  composing  the  Universe,  constitutes  the 
subject  of  that  branch  of  science  called  Astbonoict,  a  term  derived 
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from  the  Greek  words  currrip  (aster),  i.  stab  (tuider  which  all  the 
heavenly  bodies  were  included),  and  vofsog  (nomos),  A  law — the 
science  which  expounds  the  laws  which  goyem  the  motions  of  the 
Stabs. 

4.  Zk  tra^  of  inaeooMible  o1i(Jeets. — It  is  evident,  therefore^ 
that  astronomy  is  distinguished  from  all  other  divisions  of  natural 
science  by  this  peculiarity,  that  the  bodies  which  are  the  subjects 
of  observation  and  inquiry  are  all  of  them  inagcsssiblb.  Gven 
the  earth  itself,  which  the  astronomer  regards  as  a  celestial  object 
— an  atrrrip, — is  to  him,  in  a  certain  sense,  even  more  inaccessible 
than  the  odiers ;  for  the  very  fact  of  his  place  of  observation  being 
confined  strictly  to  its  surface,  an  insignificant  part  of  which  edone 
can  be  observed  by  him  at  any  one  moment,  renders  it  imposable 
for  him  to  examine,  by  direct  observation,  the  earth  as  a  whole, — 
the  only  way  in  which  he  desires  to  consider  it, — and  obliges  him 
to  resort  to  a  variety  of  indirect  expedients  to  acquire  that  know- 
ledge of  its  dimensions,  form,  and  motions  which,  with  regard  to 
other  and  more  distant  objects,  results  from  direct  and  immediate 
observation.  This  circumstance  of  having  to  deal  exclusively  with 
inaccessible  objects  has  obliged  the  astronomer  to  invent  peculiar 
modes  of  reasoning,  and  peculiar  instruments  of  observation,  adapted 
to  the  solution  of  such  problems,  and  to  the  discovery  of  the  neces- 
sary data. 

5.  BireotioB  and  beaiiar  of  Tlsible  objeets. — The  eye  esti- 
mates only  the  direction  or  relative  bearings  of  objects  within  the 
range  of  vision,  but  supplies  no  direct  means  of  determining  their 
distances  from  each  other,  or  from  the  eye  itself. 

The  absolute  direction  of  a  visible  object  is  that  of  a  straight  line 
drawn  from  the  eye  to  the  object 

The  relative  direction  or  bearing  of  an  object  is  detennined  by 
the  angle  formed  by  the  absolute  direction  with  some  other  fixed 
or  known  direction,  such  as  that  of  a  line  drawn  to  the  north,  south, 
east,  or  west 

6.  They  supply  the  means  of  aacertalnlng-  the  distances 
and  posittons  of  inaooessible  objects. — By  comparing  the  re- 
lative bearings  of  inaccessible  objects,  taken  from  two  or  more 
accessible  points  whose  distance  from  each  other  is  known,  or  can 
be  ascertained  by  actual  measurement,  the  distances  of  such  inac- 
cessible objects  from  the  accessible  objects,  from  the  observer,  and 
from  each  other,  may  be  determined  by  computation.  Such  dis- 
tances being  once  known,  become  the  data  by  which  the  mutual 
distances  of  other  inaccessible  objects  from  the  former,  and  from 
each  other,  may  be  in  like  manner  computed ;  so  that,  by  starting 
in  this  manner  from  two  objects  whose  mutual  distance  can  be 
actually  measured,  we  may  proceed,  by  a  chain  of  computations,  to 
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detemiine  the  relatiTe  distances  and  positions  of  all  other  objects, 
however  inaccessible,  that  fall  within  the  range  of  vision. 

7.  JLncnlar  nmgnimde — its  ImportMioe.  —  It  will  be  app»> 
rent,  therefore,  that  ajxqvjjlR  kaoitititde  plays  a  most  prominent 
part  in  astnmomical  investigations,  and  it  is,  before  all,  necessaiy 
that  the  student  should  be  rendered  familiar  with  it. 

8.  lUvteloii  9f  Uk»  drele— its  nomeaelatiire, — A  circle  is 
divided  into  four  equal  arcs,  called  quadrants,  by  two  diameters 
jLAf  and  bb'  intersecting  at  right  angles  at 
the  centre  Cfjtg.  i. 

The  circumference  being  supposed  to  be 
divided  into  360  equal  parts,  each  of 
which  is  called  a  DseBEB,  a  quadrant  will 
consist  of  90  degrees. 

Angles  are  subdivided  in  the  same  man- 
ner as  the  arcs  which  measure  them,  and 
accordingly  a  right  angle,  such  as  a  c  B, 
being  divided  into  90  equal  angles,  each 
of  these  is  a  beobbb.  ^w*  >• 

If  an  angle  or  arc  of  one  degree  be  di- 
vided into  60  equal  parts,  each  of  these  is  called  a  imnrxB. 

If  an  angle  or  arc  of  one  minute  be  divided  into  60  equal 
parts,  each  such  part  is  called  a  second. 

Angles  less  thui  a  second  are  usually  expressed  in  decimal  parts 
of  a  second. 

Degrees,  minutes,  and  seconds  of  Space  are  usually  expressed  by 
the  signs  **, '',  "j  thus  23®  30'  4o'''9  means  an  angle  or  arc  whidi 
measures  23  degrees,  30  minutes,  40  seconds,  and  9  tenths  of  a 
second. 

The  letters  m  and  s  are  generally  used  to  express  minutes  and 
seconds  of  Tdce.  Thus,  23**  30"  40"'9,  expresses  an  interval  of 
time  consisting  of  23  hours,  30  minutes,  40  seconds,  and  9  tenths 
of  a  second.  This  symbolical  distinction  in  representing  time  and 
space  is  found  not  only  a  praolical  convenience  in  computations 
where  both  must  necessarily  appear,  but  it  is  also  a  means  of  pre- 
venting many  errors  which  may  easily  occur,  when  one  set  of 
symbols  is  used  in  both  cases. 

9.  Xethoda  of  aaoeitaininr  the  dlreotioB  of  a  Tlaible  and 
distant  object. — It  might  appear  an  easy  matter  to  observe  the 
exact  direction  of  any  point  placed  within  the  range  of  vision, 
since  that  direction  must  be  that  of  a  straight  line  passing  directly 
from  the  eye  of  the  observer  to  the  point  to  be  observed.  If  the 
eye  were  supplied  with  the  appendages  necessary  to  record  and 
measure  the  directions  of  visible  objects,  this  would  be  true,  and 
the  organ  of  sight  would  be  in  fact  a  philosophical  instrument. 
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The  eye  is,  Howerer;  adapted  to  other  and  different  uses^  and  con- 
Btracted  to  plaj  a  different  part  in  the  animal  economy;  and 
invention  has  heen  stimulated  to  supply  expedients,  by  means  of 
which  the  exact  directions  of  visible  distant  points  can  be  ascer- 
tained, observed,  and  compared  one  with  anollier,  so  as  to  supply 
the  various  data  necessary  in  the  classes  of  problems  connected 
with  astronomy,  some  of  which  we  shall  have  occasion  hereafter 
to  advert  ta 

10.  Vm  of  slrlita. — The  most  simple  expedient  by  which  the 
visual  direction  of  a  distant  point  can  be  determined  is  by  sights, 
which  are  small  holes  or  narrow  slits  made  in  two  thin  opaque 
plates  placed  at  right  angles,  or  nearly  so,  to  the  line  of  vision, 
and  80  arranged,  that  when  the  eye  is  placed  behind  the  posterior 
opening  the  object  of  observation  shall  be  visible  through  the 
anterior  opening.  Every  one  is  rendered  famiHar  with  this 
expedient  by  its  application  to  fire-arms  as  a  method  of  "  taking 
aim/' 

This  contrivance  is,  however,  too  rude  and  susceptible  of  error 
within  too  wide  limits,  to  be  available  for  astronomical  purposes, 
though  occasionally  it  is  used  in  large  instruments  as  an  assistance 
in  setting  for  bright  objects. 

1 1 .  AppU«atioB  of  tbe  teloaeope  to  Indicate  the  vlsiial 
direotton  of  miorometrlo  wires. — The  telescope  (0.  501)  sup- 
plies means  of  determining  the  direction  of  the  visual  ray  with  all 
the  necessaiy  precision. 

If  T  t',^.  2,  represent  the  tube  of  a  telescope,  T  the  extremity 
in  which  the  object-glass  is  fixed,  and  if  the  end  where  the  images 
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of  distant  objects  to  which  the  tube  is  directed  are  formed,  the 
visual  direction  of  any  object  will  be  that  of  the  line  9^  c  drawn 
from  the  image  of  such  object  formed  in  the  Jield  of  view  of  the 
telescope  to  the  centre  c  of  the  object-glass,  for  if  this  line  be 
continued  it  will  pass  through  the  object  s. 

But  since  the  field  of  view  of  the  telescope  is  a  circular  space  of 
definite  extent,  within  which  many  objects  in  different  directions 
may  at  the  same  time  be  visible,  some  expedient  is  necessary  by 
which  one  or  more  fixed  points  in  it  may  be  permanently  marked, 
or  by  which  the  entire  field  may  be  spaced  out  as  a  map,  by  the 
lines  of  latitude  and  longitude. 

This  is  accomplished  by  a  system  of  fibres,  or  wires  (m.  38)  so 
thin  that  even  when  magnified  they  will  appear  like  hairs.    In 
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instruments  of  great  precision^  the  web  of  a  peculiar  kind  of 
spider  is  nsed  for  this  purpose.  These  wires  are  extended  in  a 
frame  fixed  within  the  eye-piece  of  the  telescope^  so  that  they 
appear  when  seen  through  the  eye-glass  like  fine  lines  drawn 
across  the  field  of  Tiew.  They  are  differently  arranged,  according 
to  the  sort  of  observation  to  which  the  instrument  is  to  be  applied. 

1 2.  Una  of  oolllmatloB. — In  some  cases  two  wires  intersect 
at  right  angles  at  the  centre  of  the  field  of  yiew,  diyiding  it  into 
quadrants,  as  represented  in  fig,  i .  The  wires  are  so  adjusted  that 
their  point  of  intersection  c  coincides  with  the  axis  of  the  telescopic 
tube ;  and  when  the  instrument  is  so  adjusted  that  the  point  of  ob- 
servatiou;  a  star  for  example,  is  seen  precisely  upon  the  intersection 
c  of  the  wires,  the  line  of  direction,  or  yisual  ray  of  that  star,  will 
be  the  line  ff  c,fig,  2,  joining  the  intersection  c^fig,  i,  of  the  wires 
with  the  centre  c,fig,  2  of  the  object-glass.      * 

The  line  ^  c,  fig,  2,  is  technically  called  the  Une  of  coUimaiion, 

1 3.  AppUoatioB  of  tlie  telescope  to  a  vradnated  instm*- 
meiit- — The  telescope  thus  prepared  is  attached  to  a  graduated 
instrument  by  which  angular  magnitudes  can  be  observed  and  mea- 
sured. Such  instruments  vaiy  infinitely  in  form,  magnitude^  and 
mode  of  mounting  and  adjustment,  according  to  the  purposes  to 
which  they  are  applied^  and  to  the  degree  of  precision  necessary  in 
the  observations  to  be  made  with  them.  To  explain  and  illusla^te 
tlie  general  principles  on  which  they  are  constructed  we  shall  take 
the  example  of  one,  which  consists  of  a  complete  circle  graduated 
in  the  usual  manner,  being  tiie  most  common  form  of  instrument 
used  in  astronomy  for  the  measurement  of  angular  distances. 

Such  an  apparatus  is  represented  in  fig,  3.  The  circle  A  B  c  D, 
on  which  the  divisions  of  the  graduation  are  accurately  engraved,  is 
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connected  with  its  centre  by  a  series  of  spokes  xy  z.    At  its  centre 
is  a  circular  hole^  in  which  an  axle  is  inserted  so  as  to  turn  smoothly 
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in  it,  and  wliile  it  tuma  to  be  always  concentric  with  the  dicle  A 
BCD.  To  this  axle  the  telescope  a  6  is  attached  in  such  a  man- 
ner that  the  imaginarj  line  tf  c,  fig,  2,  which  joins  the  intersection 
of  the  wires,  Jig.  ij  with  the  centre  of  the  object-glass,  shall  be 
parallel  to  the  plane  of  the  circle,  and  in  a  plane  passing  through 
its  centre  and  at  right  angles  to  it. 

At  right  angles  to  the  axis  of  the  telescope  are  two  arms,  m  n, 
which  form  one  piece  with  the  tube,  so  that  when  the  tube  is  turned 
with  the  axis  to  which  it  is  attached,  the  arms  m  n  shall  turn  also, 
always  preserving  their  direction  at  right  angles  to  the  tube. 
Maries  or  indices  are  engraved  upon  the  extremities  m  and  n  of  the 
arms  which  point  to  the  divisions  upon  the  ijkb  (as  the  divided 
arc  is  called). 

A  damp  is  provided  on  the  instrument,  by  which  the  telescope, 
being  brought  to  atiy  desired  position,  can  be  fixed  immovably  in 
that  position,  while  the  observer  examines  the  divisions  upon  the 
limb  to  which  the  indices  m  and  n  are  directed. 

Now  let  us  suppose  that  the  visual  angle  under  the  directions  of 
two  distant  objects  within  the  range  of  vision  is  required  to  be 
measured.  The  circle  being  brought  into  the  plane  of  the  objects, 
and  fixed  in  it,  the  telescope  is  moved  upon  its  axis  until  it  is 
directed  to  one  of  the  objects,  so  that  its  image  shall  coincide  exactly 
with  the  intersection  of  the  wires.  The  telescope  is  then  clamped, 
and  the  observer  examines  the  divisions  of  the  divided  limb,  to  which 
one  of  the  indices,  m  for  example,  is  directed.  This  process  is 
called  ''reading  off.''  The  damp  being  disengaged,  the  telescope 
is  then  in  like  manner  directed  to  the  other  object,  and  being 
clamped  as  before,  the  position  of  the  index  is  again  ''  read  offl" 
The  difference  between  the  numbers  which  indicate  the  position  of 
the  same  index  in  both  cases,  will  evidently  be  the  visual  angle 
under  the  directions  of  the  two  objects. 

As  a  means  of  further  accuracy,  both  the  indices  m  and  n  may  be 
"  read  off,"  and  if  the  results  differ,  which  they  always  will  dightly, 
ovnng  to  various  causes  of  eiror,  a  mean  of  the  two  may  be  taken. 

It  is  evident  that  the  same  results  would  be  obtained  if,  instead 
of  making  the  telescope  move  upon  the  cirde,  it  were  immovably 
attached  to  it,  and  that  the  circle  itself  turned  upon  its  centre,  as 
a  wheel  does  upon  its  axle,  canying  the  telescope  with  it.  In 
this  case  the  divided  limb  of  the  circle  is  made  to  move  before 
a  fixed  index,  and  the  angle  under  the  directions  of  the  objects 
will  be  measured  by  the  length  of  the  arc  which  passes  before  the 
index. 

Such  a  combination  is  represented  in  section  in  Jig,  4,  where  t 
is  the  telescope,  p  the  pieces  by  which  it  is  attached  to  the  cirde  a 
B  seen  edgewise,  the  axis  of  which  d  works  in  a  solid  block  of  metaL 
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The  fixed  indeK  T  is  directed  to  tlie  graduated  Umb  which  moTes 
before  it 


This  is  the  most  frequent  method  of  mounting  instraments  used 
in  astronomy  for  angular  measurement 

14.  BzpedtoBts  fi»r  meMrarlnr  the  fHustton  of  a  diTtolon. — 

It  will  happen  in  general  that  the  index  will  be  directed^  not  to  any 
exact  dlTkiony  but  to  some  point  intermediate  between  two  divi- 
sions  of  the  limb.  In  that  case  expedients  are  provided  by  which 
the  distance  between  the  index  and  the  last  division  which  it  has 
passed,  may  be  ascertained  with  an  extraordinaiy  degree  of 
precision. 

15.  By  a  ▼emier. — This  may  be  accomplished  by  means  of  a 
supplemental  scale  called  a  Webster,    (P  229.) 

16.  8j-  a  oompeiind  miorosoopev  and 
micrometiio  serew. — The  same  object  may, 
however,  be  attained  with  far  greater  accu- 
racy by  means  of  a  compound  microscope 
mounted  as  represented  in  Jiff.  5,  so  that  the 
observer  looks  at  the  index  through  it  A 
system  of  cross  wires  is  placed  in  the  field 
of  view  of  the  microscope,  and  the  whole  may 
be  so  adjusted  by  the  action  of  a  fine  screw, 
tiiat  the  index  shall  coincide  precisely  with 
the  intersection  of  the  wires.  The  screw  is 
then  tamed  until  the  intersection  of  the  ci-oss 
is  brought  to  coincide  with  the  previous  divi- 

fflOD  of  the  limb ;  and  the  number  of  turns  and  fraction  of  a  turn 
of  the  screw  will  give  the  fraction .  of  a  degree  between  the  index 
and  the  previous  division  of  the  limb. 

It  is  necessary,  however,  to  ascertain  previously  the  value  of  a 
complete  revolution  of  the  sci^ew.  This  is  easily  done  by  placing  the 
cross^wires  which  are  carried  by  the  micrometric  screw,  on  conse- 
cutLve  divisions  of  the  limb.     Dividing,  then,  the  value  in  arc  be- 
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tween  two  divisions,  which  is  always  known,  by  the  number  of  toms 
and  fraction  of  a  turn,  the  arc  which  corresponds  to  one  complete 
revolution  of  the  micrometric  screw,  will  be  found. 

17.  ObserrattoB  and  measurement  of  mlnvte  anglee* — 
When  the  points  between  which  the  ang^ular  distance  required  to 
be  ascertained  are  so  close  together  as  to  be  seen  at  one  and  the 
same  time  within  the  field  of  view  of  the  telescope,  a  method  of 
measurement  is  applicable,  which  admits  of  even  gr^iter  relative  ac- 
curacy than  do  the  methods  of  observing  large  angular  distances. 
This  arises  from  the  fiict  that  the  distance  between  such  points  may 
bedetermined  by  various  forms  of  micrometric  instruments,  in  which 
fine  wires,  or  lines  of  spider's  web,  are  moved  in  a  direction  per- 
pendicular to  their  length,  so  as  to  pass  successively  through  the 
points  whose  distance  is  to  be  observed. 

1 8.  Tbe  parallel  wire  mierometer. —  One  of  the  foims  of 
micrometric  apparatus  used  for  this  purpose  is  repreeerted  in  trans- 
verse section  in  Jig.  6.    ThiS|  whidi  is  called  liie  parallel  wirb 


Ftg.6. 


xiCBOXETEB,  cousists  of  two  sliding  frames,  across  which  the  parallel 
wires  or  threads  0  D  are  stretched.  These  frames  are  both  moved 
in  a  direction  perpendicular  to  that  of  the  wires  by  screws,  con- 
structed with  veiy  fine  threads,  and  called  from  their  use  hicro- 
METEB-sc&Bws.  This  frame  is  placed  in  the  focus  of  the 
object-glass  of  the  telescope,  so  that  the  eye  viewing  the  objects 
under  observation  sees  also  distinctly  the  parallel  and  movable 
wires.  These  wires  are  moved  by  the  screws  until  they  pass 
through  the  points,  whose  distance  asunder  is  to  be  measured. 
This  being  accomplished,  one  of  them  is  moved  until  it  coincides 
with  the  other,  and  the  number  of  turns  and  parts  of  a  tuni  of  the 
screw  necessary  to  produce  this  motion,  gives  the  angular  distance 
between  the  points  under  observation. 

In  this,  as  in  the  case  explained  in  (16)  it  is  necessaiy  that  the 
angle  corresponding  to  one  complete  revolution  of  the  micrometer- 
screw  be  previously  ascertained;  and  this  is  done  by  a  process 
precisely  similar  to  that  explained  in  the  former  case.    An  object 
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of  known  angular  magnitude,  as,  for  example,  a  foot  rule  at  the 
distance  of  a  hundred  yards,  is  observed,  and  the  number  of  tuma 
neceasaiy  to  cany  the  wire  from  end  to  end  of  its  image  is  ascer- 
tained. The  angle  such  a  rule  subtends  at  that  distance  being 
divided  by  the  number  of  turns  and  parts  of  a  turn,  the  quotient  is 
the  ang^e  corresponding  to  one  complete  revolution  of  the  screw. 

19.  Meaattf  bment  o€tbm  ^pprent  dlmm^ter  of  an  o^ect* — 
Wben  an  object  is  not  too  great  to  be  included  in  the  field  of  view 
of  the  telescope,  its  apparent  diameter  can  be  measured  by  such  an 
apparatus.  To  accomplish  this,  these  screws  are  turned  until  the 
wires  c  and  d,  J!p,  6,  are  made  to  touch  opposite  sides  of  the  disk 
of  the  object  One  of  the  screws  is  then  turned  until  the  wires 
coincide,  and  the  number  of  turns  and  parts  of  a  turn  gives  the 
apparent  magnitude. 

2a  The  double  irnac^  mlerometer. — ^The  method  in  general 
practice  in  large  observatories  for  the  measurement  of  apparent 
diameters  of  planets  and  angular  distances  of  binary  stars,  is  by 
means  of  the  Dottblb  ncAOB  xiobometeb.  This  apparatus  con- 
sists of  a  four-glass  eye-piece,  in  which  the  lenses  are  so  arranged, 
that  tiie  axis  of  the  pendl  of  rays  from  each  point  of  an  observed 
object,  passes  through  the  centre  of  the  lens  which  is  next  to  the 
object-glass.  One  half  of  this  lens  is  fixed,  the  other  is  moved  by 
a  micrometer-screw  vnth  a  graduated  head.  The  instrument  is 
famished  with  a  small  graduated  circle,  by  which  the  angles  of 
position  of  objects  may  be  measured. 

In  the  field  of  view  two  images  are  seen,  one  of  them  being  fixed, 
the  other  movable  by  the  aid  of  the  micrometer-screw.  The 
diameter  of  an  object  is  therefore  found  by  placing  one  edge  of  the 
movable  object  in  coincidence  with  the  edge  of  the  fixed  object, 
and  then  reading  the  divisions  on  the  micrometer-head.  The  screw 
is  then  turned  until  the  movable  image  is  on  the  opposite  side  of 
the  fixed  image  when  they  are  placed  in  coincidence  as  before. 
The  difiierence  of  the  two  micrometer  readings  is  twice  the  diameter 
of  the  object  in  terms  of  revolutions  of  the  micrometer-screw.  The 
value  of  one  revolution  being  known,  the  angular  measurement  is 
easily  determined. 
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CHAPTER  ir. 

ASTROKOMICAI.  INSTBUMEHT8,  iOTD  THEIB  MODR  OF  USB. 

21.  JCiiawledffe  of  tke  instniineBtB  of  obsenratioB  neees- 
sary.—  Before  proceeding  to  explain  the  fonn  and  density  of  the 
earth,  or  the  general  aspect  of  the  firmament;  and  fixed  lines  and 
points  upon  it,  by  which  the  relative  position  and  motions  of  celes- 
tial objects  are  defined,  it  will  be  necessaiy  to  explain  the  principal 
instruments  with  which  an  observatoiy  is  furnished;  and  to  show 
the  manner  in  which  they  are  applied,  so  as  to  obtain  those  ac- 
curate data  which  supply  the  basis  of  those  calculations  from  which 
has  resulted  our  knowledge  of  the  great  laws  of  the  universe.  We 
shall  therefore  here  explain  the  form  and  use  of  such  of  the  instru- 
ments of  an  observatoiy  as  are  indispensably  necessaiy  for  the 
observations  by  which  such  data  are  supplied. 

All  astronomical  observation  is  limited  either  to  ascertain  the 
magnitudes,  forms,  and  appearance  of  celestial  objects,  or  to 
determine  the  places  they  occupy  at  any  given  moment  on  the 
firmament 

To  attain  the  former  object,  telescopes  are  constructed  with  the 
greatest  practicable  magidfying  and. illuminating  powers,  and  so 
mounted  as  to  enable  the  observer  with  all  the  requisite  fiEicility  to 
present  them  to  those  parts  of  the  heavens  in  which  the  objects  of 
his  observation  are  placed. 

To  attain  the  latter,  it  is  necessaiy  to  provide  an  apparatus  by 
which  the  direction  of  the  visual  line  of  ihe  object  of  observation 
relatively  to  some  fixed  line  and  some  fixed  plane  can  be  ascer- 
tained. The  visual  line  being  the  straight  line  drawn  from  the  eye 
of  the  observer  to  the  object,  sX  the  moment  of  the  observation,  and 
having,  therefore,  no  material  tangible  or  permanent  existence,  by 
which  it  can  be  submitted  to  measurement,  it  is  necessary  to  con- 
trive some  material  line  with  which  the  visual  line  shall  coincide. 
The  telescope  supplies  an  easy  and  exact  means  of  accomplishing 
this.  When  it  is  directed  so  that  the  object  or  its  centre,  if  it  have 
a  disk,  is  seen  upon  the  intersection  of  the  middle  wires  in  the  eye- 
piece, the  visual  direction  of  the  object  is  the  line  drawn  from  the 
centre  of  the  object-glass  of  the  telescope  to  the  intersection  of  the 
middle  wires. 

Now  the  telescope  being  attached  to  a  graduated  circle  is  bo 
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placed,  that  the  line  joming  the  centre  of  the  object-glass  with  the 
intersection  of  the  wires  is  parallel  to  a  diameter  of  the  circle. 
This  diameter  will  therefore  be  the  direction  of  the  visual  line.  If 
the  ctrde  thus  arranged  be  so  mounted  that  a  line  drawn  from  the 
obserrer  to  the  fixed  point  of  reference,  whatever  that  point  be, 
diaU  be  parallel  also  to  a  diameter  of  the  circle,  and  if  the  circle  be 
so  mounted  that^  however  its  position  may  otherwise  be  changed, 
one  of  its  diameters  shall  always  pass  through  the  fixed  point  of 
reference,  the  angular  distance  of  the  object  of  observation  from  the 
fixed  point  of  reference  will  always  be  equal  to  the  angle  formed 
by  the  two  diameters  of  the  circle,  one  of  which  is  parallel  to  the 
Ibe  joining  the  centre  of  the  object-glass,  with  the  intersection  of 
the  wires  at  the  moment  of  the  observation,  and  the  other  parallel 
to  the  line  drawn  from  the  observer  to  the  fixed  point  of  reference. 

But  this  is  not  yet  enough  to  determine  in  a  definite  manner  the 
position  of  the  object  on  the  heavens.  A  great  many  difierent 
objects  may  have  ihe  same  angular  distance  from  the  fixed  point  of 
reference.  If  a  plane  be  imagined  to  pass  at  right  angles  to  a  line 
drawn  from  the  observer  to  the  fixed  point  of  reference,  it  will 
intersect  the  celestial  sphere  in  a  certain  circle^  eveiy  point  of  which 
win  obviously  be  at  the  same  angular  distance  fr^m  the  point  of 
reference.  To  render  the  position  of  the  object  of  observation 
determinate,  it  is  therefore  necessary  to  know  the  position  of  the 
plane  of  the  graduated  circle,  with  relation  to  a  circle  whose  plane 
is  at  right  angles  to  that  diameter  of  the  celestial  sphere  which 
passes  through  the  fixed  point  of  reference. 

The  plane  of  the  graduated  circle  may  be  fixed  or  movable.  If 
fixed,  its  podtion  with  relation  to  the  fixed  point  of  reference  is 
ascertained  once  for  all;  after  which^  the  position  of  the  object  of 
observation  will  be  determined  merely  by  its  angular  distance  from 
the  point  of  reference.  If  movable,  it  is  necessary  to  provide 
another  graduated  circle,  the  plane  of  which  is  perpendicular  to  the 
first,  and  upon  ii^ch  some  fixed  direction  is  marked.  The  position 
of  the  plane  of  the  movable  circle,  which  carries  the  telescope, 
with  relation  to  this  latter  fixed  direction,  is  then  ascertained  by 
the  arc  of  the  second  graduated  circle,  which  is  included*  between 
the  movable  circle  and  such  fixed  direction. 

All  instruments  of  observation  for  determining  the  position  of 
objects  on  the  celestial  sphere  are  constructed  and  mounted  on  one 
or  other  of  these  principles ;  and  they  difier  one  from  another  iu 
respect  to  the  point  adopted  as  the  fixed  point  of  reference,  and  the 
plane  at  right  angles  to  the  diameter  of  the  sphere  passing  through 
that  point  with  relation  to  which  the  position  of  the  circle,  if  it  be 
movflJl>le,  is  determined. 

The  fixed  point  of  reference  is,  in  all  cases,  either  the  zenith  or 
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the  pole :  and  the  plane  of  reference^  contequentlyy  either  that  of 
the  horizon  or  the  equator. 

22.  Tlie  astroBomlcAl  olook. — Since  the  immediate  objects  of 
all  astronomical  observation  are  motions  and  magnitudes,  and  since 
motions  are  measured  by  the  comparison  of  space  and  tune,  one  of 
the  most  important  instruments  of  observation  is  the  time-piece  or 
chronometer^  which  is  constructed  in  various  forms^  according  to 
the  circumstances  under  which  it  is  used  and  the  degree  of  accuracy 
necessary  to  be  obtained.  In  a  stationary  observatory,  a  pendu- 
lum clock  is  the  form  adopted. 

The  rate  of  the  astronomical  clock  is  so  regulated  that,  if  any  of 
the  stars  be  observed  which  are  upon  the  celestial  meridian  at  ihe 
moment  at  which  the  hands  point  to  o^*  o"**  o*',  they  will  again 
point  to  o^'  o"**  o**  when  the  same  stars  are  next  seen  on  the  meri- 
dian. The  interval,  which  is  called  a  sidereal  day,  is  divided  into 
twenty-four  equal  parts,  called  sidereal  houbs.  The  hour-hand 
moves  over  one  principal  division  of  its  dial  in  this  interval  In 
like  manner  the  kiuvtb  and  second-hands  move  on  divided 
circles,  each  moving  over  the  successive  divisions  in  the  intervals  of 
a  minute  and  a  second  respectively. 

The  pendulum  is  the  original  and  only  real  measure  of  time  in 
this  instrument  The  hands,  the  dials  on  which  they  play,  and  the 
mechanism  which  regulates  and  proportions  their  movements,  are 
only  expedients  for  registering  the  number  of  vibrations  which  the 
pendulum  has  made  in  the  interval  which  elapses  between  any  two 
phenomena.  Apart  from  this  convenience  a  mere  pendulum  uncon- 
nected with  wheel  work  or  any  other  mechanism,  the  vibrations  of 
which  would  be  counted  and  recorded  by  an  observer  stationed  near 
it,  would  equally  serve  as  a  measure  of  time. 

And  this,  in  fact,  is  the  method  actually  used  in  all  exact  astro- 
nomical observations.  The  eye  of  the  observer  is  occupied  in  watch- 
ing the  progress  of  the  object  moving  over  the  wires  (i  i)  in  the 
fidd  of  view  of  the  telescope.  His  ear  is  occupied  in  noting,  and 
his  mind  in  countiDg  the  successive  beats  of 
the  pendulum,  which  in  all  astronomical 
clocks  is  so  constructed  as  to  produce  a  suffi- 
ciently loud  and  distinct  sound,  marking  the 
dose  of  each  successive  second.  The  prac- 
lised  observer  is  enabled  with  considerable 
precision  in  this  way  to  subdivide  a  second, 
and  determine  the  moment  of  the  occurrence 
of  a  phenomenon  within  a  small  fraction  of 
that  interval.  A  star,  for  example,  is  seen  to 
the  left  of  the  wire  m  m'  at  «,  Jiff.  7,  at  one  beat  of  the  pendulum, 
and  to  the  right  of  it  at  i^  with  the  next.    The  observer  estimates 
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with  great  precision  the  proportion  in  which  the  wire  diyides  the 
distance  between  the  points  s  and  /,  and  can  therefore  determine 
the  fraction  of  a  second  after  being  at  s,  at  which  it  was  upon  the 
wire  ffi  HI . 

Although  the  art  of  constructing  chronometers  has  attained  a 
surprising  degree  of  perfection,  it  is  not  perfect,  and  the  bate  of 
eren  the  beet  of  such  instruments  is  not  absolutely  uniform.  It  is 
therefore  necessary  from  time  to  time  to  check  the  indications  of 
the  dock  by  observing  its  rate.  If  the  dock  were  absolutely 
perfect,  the  pendulum  would  perform  exactly  86,400  vibrations  in 
the  interval  between  two  successiye  returns  of  the  same  star  to  the 
meridian.  Now  a  good  astronomical  clock  will  seldom  make  so 
many  as  86,401  nor  so  few  as  86,399  vibrations  in  the  interval.  In 
the  one  case  its  rate  would  be  too  fast,  and  in  the  other  too  slow  by 
I  in  86,400.  Even  with  such  an  erroneous  rate  the  error  thrown 
upon  an  observation  of  one  hour  would  not  exceed  the  24th  part  of 
a  second.  If,  however,  the  rate  be  observed,  even  this  error  may 
be  allowed  for,  and  no  other  will  remain  save  the  remote  possibility 
of  a  change  of  rate  since  the  rate  was  last  ascertained. 

23.  Tlie  transit  Instmineiit. — All  the  most  important  astro- 
nomical observations  are  made  at  the  moment  when  the  objects 
observed  are  upon  the  celestial  meridian,  and  in  a  very  extensive 
class  of  such  observations  the  sole  purpose  of  the  observer  is  to 
determine  with  precision  the  time  when  the  object  is  brought  to 
the  meridian  by  the  apparent  diurnal  motion  of  the  firmament 

This  phenomenon  of  passing  the  meridian  is  called  the  transit  ; 
and  an  instrument  mounted  in  such  a  manner  as  to  enable  an 
observer,  supplied  with  a  clock,  to  ascertain  the  exact  time  of  the 
TRAXSTt  is  allied  a  tbakstt  instrument. 

Such  an  instrument  consists  of  a  telescope  so  mounted  that  the 
line  of  coUimaticm  will  be  successively  directed  to  every  point  of 
the  celestial  meridian  when  the  telescope  is  moved  upon  its  axis 
through  l8o^ 

This  is  accomplished  by  attaching  the  telescope  to  an  axis  at 
right  angles  to  its  line  of  collimation,  and  placing  the  extremities 
of  such  axis  on  two  horizontal  supports,  which  are  exactly  at  the 
same  level,  and  in  a  line  directed  east  and  west  The  line  of 
collimation  when  horizontal  will  therefore  be  directed  north  and 
south ;  and  if  the  telescope  be  turned  on  its  axis  through  180°, 
its  line  of  collimation  will  move  in  the  plane  of  the  meridian, 
and  wiU  be  successively  directed  to  all  points  on  the  celestial  meri- 
dian from  the  north  to  the  pole,  thence  to  the  zenith,  and  thence 
to  the  south. 

The  instrument  thus  mounted  is  represented  in  Jiff,  8.  Two 
stone  piers  are  erected  on  a  solid  foundation  standing  east  and 
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west    In  the  top  of  each  of  them  is  inserted  a  metallic  support  in 
the  fonu  of  a  T  to  receive  the  cylindrical  extremities  of  the  trana- 
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Terse  arms  A  B  of  the  instrument  The  tube  of  the  telescope  CD 
consists  of  two  equal  parts  inserted  in  a  central  globe,  forming  part 
of  the  transversal  axis  A  B.  Thus  mounted;  the  telescope  can  be 
made  to  revolve  like  a  wheel  upon  the  axis  ab,  and  while  it  thus* 
revolves  its  line  of  collimation  would  be  directed  successivelj  to 
all  the  points  of  a  vertical  circle,  the  plane  of  which  is  at  right 
angles  to  the  axis  ab.  If  the  axis  be  exactly  directed  east  and 
west,  this  vertical  must  be  the  meridian. 

24.  Its  a^jnstments. — This,,  however,  supposes  three  condi- 
tions to  be  fulfilled  with  absolute  precision : 

1  st    The  axis  A  b  must  be  leveL 

2ndly.    The  line  of  collimation  must  be  perpendicular  to  it. 

jrdlj.    It  must  be  directed  due  east  and  west 
In  the  original  construction  and  mounting  of  the  instrument 
these  three  conditions  are  kept  in  view,  and  are  nearly,  but  cannot 
be  exactly^  fulfilled  in  the  first  instance.    In  all  astronomical  in- 
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ftmznents  the  ccmditioiis  wMcIi  they  are  required  to  fulfil  are  only 
approximated  to  in  the  making  and  mounting;  but  a  clafls  of  ex- 
pedients called  ADJUsncEirrs  are  in  all  cases  provided^  by  which 
each  of  the  requisite  conditions,  only  nearly  attained  at  first,  are 
fulfilled  with  infinitely  greater  precision. 

In  all  such  adjustments  two  provisions  are  neceseazy:  first,  a 
method  of  detecting  and  measuring  the  deyiation  from  the  exact 
fulfilment  of  the  requisite  condition ;  and  secondly,  an  expedient  by 
which  such  deviation  can  be  corrected. 

25.  To  mako  tHe  axis  lev^l.— If  the  axis  ab  be  not  truly 
level,  its  deviation  from  this  direction  may  be  ascertained  by  sus- 
p^iding  upon  it  a  spibtt  lbvbl. 

This  consists  of  a  glass  tube  nearly  filled  with  alcohol  or  ether, 
liquids  selected  for  the  purpose,  in  consequence  of  the  absence  of 
all  viscidity,  their  perfect  mobility,  and  because  they  .are  not 
liable  to  congelation.    The  tube  ab,^.  9,  is  formed  slightly  con- 
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rex,  and  when  it  is  placed  horizontally  with  its  convexity  upwards, 
the  bubUe  a  h  produced  by  its  deficient  fulness  will  take  the  high- 
est position,  and  therefore  rest  at  the  centre  of  its  length.  Marks 
are  engraved  on  or  attached  to  the  tube  at  a  and  h  indicating  the 
centre  of  its  length.  The  tube  is  attached  to  a  straight  bar  c  B,  or 
so  nK>unted  as  to  be  capable  of  being  suspended  from  two  points 
(/  D',  and  is  so  adjusted  that  when  the  lower  surface  of  the  bar  c  d, 
or  the  line  joining  the  two  points  of  suspension  (fn',  is  exactly 
level,  the  bubble  will  rest  exactly  in  the  centre  of  the  tube  between 
the  marks  a  and  h. 

To  ascertain  whether  a  surface,  or  the  line  joining  two  proposed 
points,  be  level,  the  instrument  is  applied  upon  the  one,  or  sus- 
pended from  the  other.  If  the  bubble  rest  between  the  marks  a 
and  h,  they  are  level  ^  if  not,  that  direction  towards  which  it 
deviates  is  the  more  elevated,  and  it  must  be  lowered,  or  the  other 
raised.  The  operation  must  be  repeated  until  the  bubble  is  found 
to  rest  between  the  central  marks  a  and  &,  whichever  way  the 
level  be  placed. 
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A  level  is  provided  for  the  transit  instrument  with  two  loops  of 
suspension  corresponding  with  the  cylindrical  extremities  of  the 
axis  A  'Rijtg,  8,  so  that  its  points  of  suspension  may  rest  on  these 
cylinders.  If  it  he  found  that,  when  the  level  is  properly  sus- 
pended thus  upon  the  axis,  the  huhhle  rests  nearer  to  one  extremity 
than  the  other,  it  will  be  necessary  to  raise  that  end  from  which  it 
is  more  remote,  or  to  lower  that  to  which  it  is  nearer. 

To  accomplish  this,  one  of  the  supports  in  which  the  extremity 
A  of  the  axis  rests  is  constructed  so  as  to  be  moved  through  a  small 
space  vertically  by  a  finely  constnicted  screw.  This  support  is 
therefore  raised  or  lowered  by  such  means,  until  the  bubble  of  the^ 
level  rests  between  the  central  marks  a  and  6,  whichever  way  the 
level  be  suspended. 

26.*  To  make  the  line  of  ^olllmatloii  perpendlonlar  to  tbe 
axis. — It  must  be  remembered,  that  the  line  of  coUimation  is  a 
line  drawn  from  the  cent3*e  of  the  object-glass  to  the  middle  wire 
in  the  field  of  yiew  of  the  telescope.  The  centre  of  the  object- 
glass  is  fixed  relatively  to  the  telescope,  but  the  wires  are  so 
mounted  that  their  position  can  be  moved  through  a  certain  small 
space  by  means  of  a  micrometer^screw.  One  end  of  the  line  of 
collimation,  therefore,  being  movable,  while  the  other  is  fixed,  its 
direction  may  be  changed  at  pleasure  within  limits  determined  by 
the  construction  of  the  eye-giass  and  its  micrometer. 

To  ascertain  whether  the  line  of  collimation  is  or  is  not  at  right 
angles  to  the  line  joining  the  points  of  support  a  and  b,^.  8,  let 
any  distant  point  be  observed  which  may  be  bisected  by  tiie  centre 
wire.  Let  the  instrument  be  then  reversed  upon  its  supports,  the 
end  of  the  axis  which  rested  on  a  being  transferred  to  bj  and  that 
which  rested  on  5  to  a,  and  let  the  same  object  be  observed.  K  it 
still  coincide  with  the  centre  wire,  the  line  of  collimation  is  in  the 
proper  direction ;  but  if  not,  its  distance  from  the  wire  will  be 
twice  the  deviation  of  the  line  of  collimation  from  the  perpendicu- 
lar, and  the  wires  must  be  moved  by  the  adjusting  screw,  until 
the  centre  wire  is  moved  towards  the  object  through  half  of  its 
apparent  distance  firom  it. 

To  render  this  more  clear,  let  A  "Bjfig,  10,  represent  the  direc- 
tion of  the  axis,  c  d  that  of  a  line  exactly  at  right  angles  to  it,  or 
the  direction  which  is  to  be  given  to  the  line  of  collimation,  and 
let  CD'  represent  the  erroneous  direction  which  that  line  actually 
has.  Let  s  be  a  distant  object  to  which  it  is  observed  to  be 
directed,  this  object  being  seen  upon  the  centre  wire.  K  the 
instrument  be  reversed,  the  line  CD'  will  have  the  direction  CD", 
deviating  as  much  from  CD  to  the  right  as  it  before  deviated  to  the 
left.  The  object  s  will  now  be  seen  at  a  distance  to  the  left  of  the 
centre  wire  which  measures  the  angle  d'od'',  which  is  twice  the 
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angle  bgi/,  or  the  deTiation  of  the  line  of  coUimatdoD  from  the 
perpendicular  d  c. 

27.  To  render  the  direotton  of  the  supports  due  east  aad 

west. — This  is  in  some  cases  accomplished  hj  a  lasBiDiAS  mask, 
"which  is  a  distinct  object^  such  as  a 
white  vertical  line  painted   on  a  j^,  , 

black  ground,  erected  at  a  sufficient  \  / 

distance  from  the  instrument  in  the  \  / 

exact  meridian  of  the  observatory.  \  / 

If,  on  directing  the  telescope  to  it,  \  / 

it  is  seen  on  the  one  side  or  the  otiier  \  / 

of  the  middle  wire  (which  ought  to  \  / 

coincide  with    the  meridian),  the  \  / 

direction  of  the  axis  ab,^.  8.,  will  \  : 

deriate  to  the  same  extent  from  the  ;    d  /  « 

true  east  and  west,  since  it  has  been  ^\ 

already,  bj  the  previous  adjust- 
ments, rendered  perpendicular  to 
the  line  of  coUimation.  The  entire 
instrument  must  therefore  be  shifted 

round,  until  the  meridian  mark  co-     -^ c  ® 

inddes  with  the  middle  wire.    This  Yig.  10. 

is  accomplished  by  a  proyision  made 

in  the  support  on  which  the  extremity  of  the  axis  b,  Jig.  8.,  rests, 

by  which  it  has  a  certain  play  in  the  horizontal  direction  urged  by 

m  fine  screw.    In  this  way  ^e  axis  A  b  is  brought  into  the  true 

directicm  east  and  weet^  and  therefore  the  line  of  coUimation  into 

the  true  meridian. 

It  will  be  observed  that,  in  explaining  the  second  adjustment,  it 
has  been  assumed  that  the  deviations  are  ^ot  so  great  as  to  throw 
the  object  s  out  of  the  field  of  view  after  the  instrument  is  reversed. 
This  condition  in  practice  is  always  fulfilled,  the  extent  of  deviation 
left  to  be  corrected  by  the  adjustments  being  always  very  small. 

28.  merometer  wires — method  of  obserrliiir  a  transit. — 
In  the  focus  of  the  eye-piece  of  the  transit  instrument,  the  system 
of  micrometer  wires  (i  i),  already  mentioned,  is  placed.  This 
consists  commonly  of  5  or  7  equidistant  wires,  placed  vertically  at 
equal  distances,  and  intersected  at  their  middle  points  by  a  hori- 
zontal wire,  as  represented  in  Jig,  7.  In  instruments  which  are 
adapted  to  the  chronographic  method  of  observing  transits,  the 
number  of  wires  is  considerably  increased.  When  the  instrument 
has  been  adjusted,  the  middle  wire  mm'  will  be  in  the  plane  of  the 
meridian^  and  when  an  object  is  seen  upon  it,  such  object  will  be 
on  the  celestial  meridian,  and  the  wire  itself  may  be  regarded  as  a 
small  azc  of  the  meridian  rendered  visible. 

c 
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The  fixed  stara^  as  will  be  explained  more  fully  hereafter,  appear 
in  the  telescope,  no  matter  how  high  its  magnifying  power  be,  aa 
mere  lucid  points,  having  no  sensible  magnitude.  Bj  the  diurnal 
motion  of  the  firmament,  the  star  passes  successiTefy  oyer  all  the 
wires,  a  short  interval  being  interposed  between  its  passages.  The 
observer,  just  after  the  star  approaching  the  meridian  enters  the 
field  of  view,  proceeds  to  count  the  tecands  of  the  clock  by  his  ear. 
He  observes,  in  the  manner  already  explained,  to  a  fraction  of  a 
second,  the  instant  at  which  the  star  crosses  each  of  the  wires;  and 
taking  a  mean  of  all  these  times,  he  obtains,  with  a  great  degree 
of  precision,  the  instant  at  which  the  star  passed  the  middle  wire, 
wMch  is  the  time  of  the  transit.  The  hour  and  minute  indicated 
by  the  clock  is  noted  after  the  observation. 

By  this  expedient  the  result  has  the  advantage  of  as  many  inde- 
pendent observations  as  there  are  parallel  wires.  The  errors  of 
observation  being  distributed,  are  proportionally  diminished. 

When  the  sun,  moon,  or  a  planet,  or,  in  general,  any  object 
which  has  a  sensible  disk,  is  observed,  the  time  of  the  transit  is 
the  instant  at  which  the  centre  of  the  disk  is  upon  the  middle  wire. 

This  is  obtained  by  observing  the  clock-time  when  the  western 
and  eastern  edges  of  the  disk  come  in  contact  respectively  with 
each  of  the  vertical  wires.  Taking  first  a  mean  of  all  the  observed 
clook-times  of  the  transit  of  the  western  edge,  the  time  when  it  is 
on  the  middle  wire  is  found ;  and  in  like  manner,  the  mean  of  all 
the  observed  clock-times  of  the  transit  of  the  eastern  edge  will  give 
the  time  when  that  edge  is  also  on  the  middle  wire ;  the  mean  of 
these  transits  of  the  two  edges,  therefore,  determines  the  clock- 
time  of  the  transit  of  the  centre  of  the  disk  over  the  middle  wire, 
or  a  mean  of  all  the  observed  dock-times  of  the  transit  of  both 
edges  will  give  the  same  result 

By  day  the  wires  are  visible,  as  fine  black  lines  intersectmg  and 
spacing  out  the  field  of  view.  At  night  they  are  rendered  visible 
by  a  lamp,  by  which  the  field  of  view  is  faintly  illuminated. 

In  many  observatories  transits  are  also  observed  by  the  chrono- 
graphic  method,  and  recorded  by  the  aid  of  galvanism  on  a  revolv- 
ing cylinder.  In  this  case,  ^e  clock  is  provided  with  means 
for  sending  a  galvanic  signal  to  the  recording  apparatus  at  every 
vibration  of  the  pendulum,  causing  a  puncture  to  be  made  on. 
the  paper  with  which  the  cylinder  is  covered.  This  series  of 
punctures  form  one  long  spiral  line,  the  prickers  being  attached  to 
a  travelling  frame,  which  is  earned  by  an  uniform-motion  dock, 
which  at  the  same  time  causes  the  cylinder  to  revolve.  The  office 
of  the  observer  is  simply  to  press  an  ivory  key  when  the  star  is 
passing  each  wire  in  the  field  of  view ;  this  completes  the  galvanic 
circuit  and  causes  a  puncture  for  each  wire  observed  to  be  made 
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between  the  series  of  dock  punetares.  It  is  a  matter  of  yery  little 
trouble  to  extract  the  exact  second  and  fraction  of  a  second  at 
which  the  separate  observations  were  made. 

The  results  from  this  method  are  considered  more  trustworthy 
than  those  determined  bj  ''eye  and  ear."  From  a  mean  of  loi 
transits  observed  at  Greenwich;  it  was  found  that  the  probable 
error  of  one  transit  by  the  chronographic  method  was  0**01 7;  while 
by  the  ''eye  and  ear"  it  amounted  to  0**028.  In  another  deter- 
mination on  a  different  principle;  ike  excess  in  the  same  direction 
amounted  to  0**014.  Though  this  amount  may  seem  insignificant 
to  ^e  reader;  nevertheless  it  is  of  considerable  importance  in  con- 
nection with  astronomical  observations.* 

29.  Apparent  mattOB  of  ol^ecrta  in  the  Held  of  tIow. — 
Since  the  telescope  reverses  the  objects  observed;  the  motion  in  the 
field  wiQ  appear  to  be  from  west  to  east;  while  that  of  the  firmament 
is  from  east  to  West  An  object  will  therefore  enter  the  field  of  vieW 
on  the  west  side,  and;  having  crossed  it;  will  leave  it  on  the  east  side. 

Since  the  sphere  reyolves  at  the  rate  of  1 5^  per  hour;  1 5'  per 
minute;  or  1 5'^  per  second  of  time;  an  object  will  be  seen  to  pass 
across  the  field  of  view  with  a  motion  absolutely  uniform;  the  space 
passed  over  between  two  succesdve  beats  of  tiie  pendidum  bein^ 
invariably  1 5". 

Thus;  if  the  moon  or  sun  be  in  or  near  the  equator;  the  disk  wiU 
be  observed  to  pass  across  the  field  with  a  visible  motion;  the  in- 
terval between  the  moments  of  contact  of  the  western  and  eastern 
edges  with  the  middle  wire  being  2*"  8';  when  the  apparent  dia- 
meter is  32^  ThuS;  the  disk  appears  to  move  over  a  space  equal  to 
half  its  own  diameter  in  i"*  4'. 

30.  Clrelea  of  deellnntlonv  or  hour  olrolea. — Circles  of  the 
celestial  sphere  which  pass  through  the  poles  are  at  right  angles  to 
the  celestial  equator;  and  are  on,the  heavens  exactly  what  meridians 
are  .upon  the  terrestrial  globe.  They  divide  the  celestial  equator 
into*  arcs  which  measure  the  angles  which  such  circles  form  with 
each  otiier.  ThuS;  two  such  circles  which  are  at  right  angles  in- 
clude an  arc  of  90^  of  the  celestial  equator;  and  two  which  form 
with  each  other  an  angle  of  i^  include  between  them  an  arc  of  i^ 
of  the  celestial  equator.  These  cibcles  of  decukatioK;  or  hotjb 
ciBCLES  as  they  are  called;  are  carried  round  by  the  diumal  motion 
of  the  heavens;  and  are  brought  in  succession  to  coincide  with  the 
celestial  meridian;  the  intervals  between  the  moments  of  their  coin- 
ddenoe  with  the  meridian  being  always  proportional  to  the  angle 
they  form  with  each  other;  or;  what  is  the  samO;  to  the  arc  of  the 
celeetial  equator  included  between  thenL    ThuS;  if  two  circles  of 

*  A$tri}n,  80c.  Ndtket,  Vol.  xJt  p.  86. 
o  a 
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decimation  fonn  with  each  other  an  angle  of  30^^  the  intenraL 
between  the  moments  of  their  coincidence  with  tiie  meridian  will 
be  two  sidereal  hours. 

The  relative  position  of  the  circles  of  declination  with  respect  to 
each  other^  and  to  the  meridian^  and  tiie  successive  positions  as- 
sumed by  any  one  such  circle  during  a  complete  revolution  of  the 
sphere,  will  be  perceived  and  understood  without  difficulty  by  the 
aid  of  a  celestial  globe,  without  which  it  is  scarcely  possible  to 
obtain  any  clear  or  definite  notion  of  the  apparent  motions  of  oe* 
lestial  objects. 

31.  Might  asoenalon. — The  arc  of  the  celestial  equator  be- 
tween any  circle  of  declination  and  a  certain  point  on  the  equator 
called  the  fibst  point  07  akees,  is  called  the  BieHX  ascbn  sioir  of 
all  objects  through  which  the  circle  of  declination  passes.  This  arc 
is  always  understood  to  be  measured  from  the  point  where  the  circle 
of  declination  meets  the  celestial  equator  westward,  that  is,  in  the  di- 
rection of  the  i^parent  diurnal  motion  of  the  heavens,  and  it  may  ex- 
tend, therefore,  over  any  part  whatever  of  the  equator  from  o^  to  360^. 

Right  ascension  is  expressed  sometimes  according  to  angular 
magnitude,  in  degrees,  minutes,  and  seconds;  but  since,  according 
to  what  has  been  explained,  these  magnitudes  are  proportional  to 
the  time  they  take  to  pass  over  the  meridian,  right  ascension  is 
more  frequentiy  expressed  inmiediately  by  this  time.  Thus,  if  the 
right  ascension  of  an  object  is  1 5^  1 5^  1  ^^^,  it  will  be  expressed  also 
by  l^  1-  i\ 

In  general,  right  ascension  expressed  in  degrees,  minutes,  and 
seconds  may  be  reduced  to  time  by  dividing  it  by  15;  and  if  it  be 
expressed  in  time,  it  may  be  reduced  to  angular  language  by  mul- 
tiplying it  by  15. 

The  difference  of  right  ascensions  of  any  two  objects  may  be  as-' 
certained  by  the  transit  instrument  and  clock,  by  observing  the  in- 
terval which  elapses  between  their  transits  over  the  meridian. 
This  interval,  whether  expressed  in  time  or  reduced  to  degrees,  is 
their  difference  of  right  ascension. 

Hence,  if  the  right  ascension  of  any  one  object  be  known,  the 
right  ascension  of  all  others  can  be  found. 

3  2.  Sidereal  dock  indleates  rlsM  mMoe^^om, — If  tiie  hands  of 
the  sidereal  clock  be  set  to  o**  o"  C  when  the  first  point  of  Aries  is 
on  the  meridian,  they  wiU  at  all  times  (supposing  the  rate  of  the 
clock  to  be  correct)  indicate  the  light  ascension  of  such  objects  as 
are  on  the  meridian.  For  the  motion  <^  the  hands  in  that  case  cor- 
responds exactiy  with  the  apparent  motion  of  the  meridian  on  the 
celestial  equator  produced  by  the  diurnal  mqtion  of  the  heayens. 
While  1 5^  of  the  equator  pass  the  meridian  the  hands  move  through 
^\  and  other  motions  are  made  in  the  same  proportion. 
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33.  Tbe  mvrml  olrde. — The  transit  instiument  and  aideTeal 
dock  supply  means  of  determining  with  extreme  precision  the  in- 
stant at  which  an  ohject  passes  the  meridian ;  but  the  instrument 
is  not  provided  with  any  accurate  means  of  indicating  the  point  at 
which  the  object  is  seen  on  the  meridian.  A  circle  is  sometimes) 
it  is  true,  attached  to  the  transit  by  which  the  position  of  thid  point 
may  be  roughly  observed;  but  to  ascertain  it  with  a  precision  pro- 
portionate to  that  with  which  the  transit  instrument  determines 
the  right  ascensions;  requires  an  instrument  cdnstructed  and 
mounted  for  this  express  object  in  a  manner,  and  under  conditions, 
altogether  different  £rom  those  by  which  the  transit  instrument  is 
regalated.  The  form  of  instrument  adopted  in  the  most  efficiently 
furnished  observatories  for  this  purpose  is  the  xubal  ciecle. 

This  instrument  is  a  graduated  circle,  similar  in  form  and  prin- 
ciple to  the  instrument  described  in  ( 1 3).  It  is  centred  upon  an  axis 
efliablished  in  the  face  of  a  stone  pier  or  toall  (hence  the  name)  erected 
in  the  plane  of  the  meridian.  The  axis,  like  that  of  a  transit  in- 
strument, is  truly  horizontal,  and  directed  due  east  and  west. 
Being  by  the  conditions  on  which  it  is  first  constructed  and 
mounted,  very  nearly  in  this  position,  it  is  rendered  exactly  so  bjr 
two  adjustments,  one  of  which  moves  the  axis  vertically,  and  the 
other  horizontally,  by  means  of  screws,  through  spaces  which, 
though  small,  are  still  large  enough  to  enable  the  observer  to  cor- 
rect the  slight  errors  of  position  incidental  to  the  workmanship  and 
mounting. 

The  instrument,  as  mounted 
and  adjusted,  is  represented  in 
perspective  in  Jiff,  1 1,  where  A 
is  the  stone  wall  to  which  the 
instrument  is  attached,  D  the  cen- 
tral axis  on  which  it  turns;  and 
F  e  the  telescope,  which  does 
not  move  upon  the  circle,  but  is 
immovably  attached  to  it,  so 
that  the  entire  instrument,  in- 
cluding the  telescope,  turns  in 
the  plane  of  the  meridian  upon 
the  axis  D. 

A  front  view  of  the  circle  in 
the  plane  of  the  instrument  is 
given  in^.  12. 

The   graduation    is   usually 
made  on  the  edge,  and  not  on 

the  {ace  limb.    The  hoop  of  metal  thus  engraved  forms,  therefore, 
what  may  be  called  the  tire  of  the  wheel. 


Fig.  II. 


22 


ASTRONOMY. 


A  trough  Of  containing  mercuiy,  is  placed  on  the  floor  in  a  con- 
Tenient  position  in  the  plane  of  the  instrument^  on  the  surface  of 


Fig.  II. 

l^hich  are  seen,  by  reflection,  the  objects  as  they  pass  over  the 
meridian.  The  observer  is  thus  enabled  to  ascertain  the  directions, 
as  well  of  the  images  of  the  objects  reflected  on  the  mercury,  as 
of  the  objects  themselves,  the  advantage  of  which  will  presently 
appear. 

Convenient  ladders,  chairs,  and  couches,  capable  ofbeing  adjusted 
by  racks  and  other  mechanical  arrangements,  at  any  desired  incli- 
nation, enable  the  observer,  with  the  utmost  ease  and  comfort,  to 
apply  his  eye  to  the  telescope,  no  matter  what  be  its  direction. 

In  the  Greenwich  observatory,  the  mural  circles  formerly  in  use 
were  six  feet  ii^  diameter,  and  consequently  about  226  inches  in 
circun^erence.  Each  degree  upon  the  circimiference  measuring, 
therefore,  above  six-tenths  of  an  inch,  admits  of  extremely  minute 
subdivision. 

The  divisions  on  the  graduated  edge  of  the  instmiflent  are  num- 
bered as  usual  from  o**  to  3  60**  roimd  the  entire  circle.  The  position 
which  the  direction  of  the  line  of  collimation  of  the  telescope  has 
with  relation  to  the  o*'  of  the  limb  is  indifferent.  Nothing  is 
necessary  except  that  this  line,  in  moving  round  the  axis  D  of  the 
instrument,  shall  remain  constantly  in  the  plane  of  the  meridian. 
This  condition  being  fulfilled,  it  is  evident  that,  as  the  circle 
revolves,  the  line  of  collimation  will  be  successively  directed  to 
every  point  of  the  meridian  when  presented  upwards,  and  to  every 
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point  of  its  r^ected  image  on  the  mercury  when  presented  down- 
wards. 

3  4.  Xetliod  of  obserrlar  wltli  It. — The  position  of  the  instru- 
ment when  directed  successively  to  two  objects  on  the  meridian,  or 
to  their  images  reflected  on  the  mercury,  being  observed,  the  angular 
distance,  or  the  arc  of  the  meridian  between  them,  will  be  found 
by  ascertaining  the  arc  of  the  graduated  limb  of  the  instrument, 
which  passes  before  any  fixed  point  or  index,  when  the  telescope  is 
turned  from  the  direction  of  the  one  object  to  the  direction  of  the 
other. 

5  5 .  Oempomid  miorosoopes — their  number  and  lue. — ^This 
arc  is  observed  by  a  compound  microscope  (16),  attached  to  the 
wall  or  pier,  and  directed  towards  the  graduated  Hmb.  The 
manner  in  which  the  fraction  of  a  division  of  the  limb  is  observed 
by  this  expedient  has  been  already  explained.  But  to  give  greater 
precision  to  the  observation,  as  well  as  to  efiace  the  errors 
which  might  arise,  either  from  defective  centreing,  or  from  the 
small  derangement  of  figure  that  might  arise  from  the  flexure  pro- 
duced by  the  weight  of  the  instrument,  several  compound  micro- 
scopes— generally  six — are  provided  at  equal  distances  around 
the  limb,  so  that  the  observer  is  enabled  to  note  the  position 
of  six  indices.  The  six  arcs  of  the  limb  which  pass  under  thom 
being  observed,  are  eqinvalent  to  six  independent  observations,  the 
mean  of  which  being  taken,  the  errors  incidental  to  them  ore 
ledufced  in  proportion  to  their  number. 

36.  CMrole  primarily  a  diflBrentlal  Instrument. — ^The  obser- 
vations, however,  thus  taken  are,  strictly  speaking,  only  diflerential. 
The  »rc  of  the  meridian  between  the  two  objects  is  determined, 
and  fiis  arc  is  the  difierence  of  their  meridional  distances  from  tbe 
zeniti  or  from  the  horizon }  but  unless  the  positions  which  the  six 
indices  have,  when  the  line  of  ooUimation  is  directed  to  the  zenith 
or  horizon,  be  known,  no  positive  result  arises  from  the  observations ; 
nor  can  the  absolute  distance  of  any  object,  either  from  the  horizon 
or  the  zenith,  be  ascertained. 

37.  ICetliod  of  aseertalnlnr  tbe  borixontal  point. — The 
"reading,"  as  it  is  technically  called,  at  each  of  the  microscopes,  in 
any  proposed  position  of  the  instrument,  is  the  distance  of  that 
microscope  from  the  zero  point  of  the  limb.  Now  it  is  evident  that 
half  the  snm  of  the  two  readings  at  any  microscope,  when  the 
telescope  is  successively  directed  to  an  object  and  its  image  on  the 
mercury,  will  be  the  reading  at  the  same  microscope  when  the  line 
of  collimation  is  horizontal 

38.  Ketbod  of  observinr  altitudes  and  senitb  distanees. — 
The  mean  of  the  readings  of  all  the  microscopes,  when  the  telescope 
Is  directed  to  the  horizon^  known  as  the  horixontai  pomty  being  thus 
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detennined,  fonnB  a  neoeesary  datum  in  all  observatioiis  of  the 
altitudes  or  zenith  distances  of  objects.  To  determine  the  altitude 
of  an  object,  the  telescope  must  be  directed  to  it,  so  that  it  shall  be 
seen  nearij  bisected  by  the  horizontal  wire,  near  the  centre  of 
the  field  of  view ;  then  by  means  of  a  alow  motion  tangent-screw  it 
is  brought  on  to  the  wire  and  exactly  bisected  by  it,  the  instrument 
being  fixed  by  a  clamp.  The  six  microscopes  are  then  read,  a  mean 
of  which  is  taken  to  obtain  a  circle  reading  free  from  any  error  due 
to  excentricity  of  the  circle.  The  reading  when  the  telescope  is 
horizontal  being  known,  the  difierence  between  these  two  readings 
gives  the  altitude. 

The  altitude  of  an  object  being  determined,  its  zenith  distance 
may  be  found  by  subtracting  the  altitude  from  90"^. 

39.  ICethoa  of  detamilnlny  the  posltton  of  the  pole  abA 
equator. — ^The  mural  circle  may  be  regarded  as  the  celestial 
meridian  reduced  in. scale,  and  brought  immediately  under  the  hands 
of  the  observer,  so  that  all  distances  upon  it  may  be  submitted  to 
exact  examination  and  measurement.  Besides  tbe  z^th  and  hori- 
zon, the  positions  of  which,  in  relation  to  the  microscopes,  have  just 
been  ascertained,  there  are  two  other  points  of  equal  importance,  the 
pole  and  the  equator,  which  should  also  be  established. 

The  stars  which  are  so  near  the  celestial  pole  that  they  never  set, 
are  carried  by  the  diurnal  motion  of  the  heavens  round  the  pole  in 
small  circles,  crossing  the'  visible  meridian  twice,  once  above  and 
once  below  the  pole.  Of  all  the  circumpolar  stars,  the  most  im- 
portant and  the  most  useful  to  the  observer  is  the  pole  star,  both 
because  of  its  close  proximity  to  the  pole,  from  which  its  distance 
is  only  i^°,  and  because  its  magnitude  is  sufficiently  great  to  be 
visible  with  the  telescope  in  the  day.  This  star,  then,  crosses  the 
meridian  above  the  pole  and  below  it,  at  intervals  of  twelve  hours 
sidereal  time,  and  the  true  position  of  the  pole  is  exactly  midway 
between  the  two  points  where  the  star  thus  crosses  the  meridian. 

If,  therefore,  the  readings  of  the  six  microscopes  be  taken  when 
the  pole  star  makes  its  transit  above  and  below  the  pole,  their 
readings  for  the  pole  itself  will  be  half  the  sum  of  the  former  for 
each  microscope. 

The  readings  for  the  pole  being  determined,  those  which  corre- 
spond to  the  point  where  the  celestial  equator  crosses  the  meridian 
may  be  found  by  subtracting  the  former  from  90**. 

When  the  positions  of  the  microscopes  in  relation  to  the  pole  and 
equator  are  determined,  the  latitude  of  the  observatory  will  be 
known,  since  it  is  equal  to  the  altitude  of  the  celestial  pole. 

40.  All  olroles  of  deollnatlon  represented  by  the  olrole. — > 
Since  the  circles  of  declination,  which  are  imagined  to  surround  the 
heavens,  are  brought  by  the  diurnal  motion  in  succession  to  coincide 
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with  tiie  colfwHil  BMndin  (30),  nd  mmt& 

•entmg  saooeoBiTdy  a  model  of  ercij  code  of  4^ 
position  of  anj  object  upon  the  code  of  dei " 
on  the  miml  drde  1>7  tlie  poatiaa  of  tke  tdneope 
to  the  point  of  the  meridian  «t  whkh  the  otject  < 
If  the  object  have  a  fizedpoatiaa  <«  the  fii— ■ 
tiiat  it  will  alwayftpMS  the  meridin  at  the  nme  point:  ndifthe 
telescope  be  directed  to  that  point  and  maintned  there,  the  ofan«ct 
will  be  aeen  at  the  intefwtinn  of  Ae  wieeiitgnladT  after  iiim  ah 
of  twentj-fonr  honn  aideieal  time. 

djfftance  of  an  object  from  the  cdipgtial  eqnatotv  measored  cpoc  the 
circle  <^  declination  which  pames  Enough  it,  b  caLed  its  aicjsa- 
Tiox,  and  is  kosih  or  aonHy  accuiding  to  ^e  mde  of  the  e^usfc 
at  which  the  object  is  placed. 

The  declination  <^  an  object  is  ascertaiDed  widi  the  muni  oj-Je 
in  the  same  manner  and  bj  the  sune  obserraliaBas  that  whith  zfrea 
its  altitode.  The  readings  of  the  mkioacopes  for  the  c-bject  bs=i^ 
companMi  with  their  readings  for  the  pole  (39  K  give  the  pc^ 
distance  of  the  object;  and  the  diffaque  Letweeu  the  poiar 
distances  and  90^giTes  the  dprtination, 

Thus  the  polar  distance  and  dedinatiaa  of  an  object  aie  to  ^bt 
equator  exacttj  what  its  altitode  and  zeaith  dJiTsDce  aie  to  the 
horixon.  But  since  the  equMtor  maint^ns  ahrars  the  same  pom- 
tion  daring  the  diamal  motion  of  the  hearcna,  the  dectinatioo  aod 
polar  distance  <^  an  object  are  not  aflEected  bj  ^at  mooosy  aod 
remain  tiie  same,  while  the  ahitade  and  senith  ' 
stantly  changing. 

42.  VoattlMi  aC  mm  •lifeet  iilaii  Vr  tto 
Tight  maomrntOiomm — The  poeitioo  of  an  object  on  the  finnamest  m 
detennined  bj  its  declination  and  ri^it  asceosioo.  Its  dedinatka 
expresses  its  distance  north  or  sooth  of  the  celestial  equator,  and 
its  right  ascension  expresses  the  distance  of  the  circle  of  dediaa- 
tion  upon  which  it  is  placed  from  a  certain  definof  point  i^ca  the 
celestial  equator. 

It  is  erident,  therefore,  that  dedznation  and  right  aaecMon  defies 
the  position  of  celestial  objects  in  exactlj  the  aune  maoDer  m 
latitode  and  kmgitade  define  the  position  of  places  on  the  earth* 
A  place  opon  the  globe  may  be  regarded  as  being  projected  on  the 
heavens  into  the  point  which  forms  its  zenith ;  and  heooe  it  appean 
thatthelatitiideof  the  place  is  identical  with  thededinati/nofxts 
zenith. 

43.  aqnatorlal  tastramOTit.  —  The  exact  direction  of  the  axis 
of  the  cdestial  sphere  being  ascertained,  it  is  possiUe  to  cooatroct 
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an  apparatus  which  shall  be  capable  of  revolving  upon  a  fixed  ada, 
the  direction  of  which  shall  coincide  with  that  of  the  sphere;  so 
that  if  a  telescope  were  fixed  in  the  direction  of  this  axis^  its  line  of 
ooUimation  would  exactly  point  to  the  celestial  pole. 

Upon  this  axiS;  thus  directed  and  fixed^  suppose  a  telescope  to  be 
so  mounted  that  it  may  be  placed  with  its  line  of  collimation  at  anj 
desired  angle  with  the  axis^  and  let  a  properly  graduated  arc  be  pro- 
vided^ by  which  the  magnitude  of  this  angle  may^be  measured  with 
all  practicable  precision. 

Thus,  let  A  kfj  Jig,  1 3,  represent  the  direction  of  the  axis  on 
which  the  instrument  is  made  to- revolve.    The  line  a  a',  if  oon- 


Fig.  15. 

tinned  to  the  firmament,  would  pass  through  the  pole  p.  Let  c  0 
represent  the  line  of  collimation  of  a  telescope,  so  attached  to  the 
axis  at  c  that  it  may  be  placed  at  any  desired  angle  with  it  j  which 
may  be  accomplished  by  placing  a  joint  at  c  on  which  the  telescope 
can  turn.  Let  n on'  be  a  graduated  arc,  to  which  the  telescope  is 
attached  at  0,  and  which  turns  with  the  telescope  round  the  axis 
A  a'.    When  the  telescope,  being  fixed  at  any  proposed  angle  oca'' 


INSTRUMENTS.  — THE  EQUATORIAL. 


27 


with  the  azis;  is  turned  round  kk',  the  line  of  coUimation  describes 
a  cone  of  which  0  is  the  vertex  and  0  a'  the  axis^  and  the  extremity 
0  deecribes  an  arc  0  0'  of  a  circle  at  a  distance  horn  K '  measured  by 
the  angle  oca'. 

If  the  line  of  coUimation  c  0  or  c  0'  be  imagined  to  be  continued 
to  the  heavens,  it  will  describe^  as  the  telescope  revolveS;  a  circle 
0  </  on  the  firmament  coiresponding  to  the  circle  0  o'y  and  at  the 
same  angular  distance  op,  &p  from  the  celestial  pole  p^  as  the  end 
0  or  o'  of  the  line  of /x>llimation  of  the  telescope  is  from  's'  or  A''. 
In  shorty  tbe  angle  0  ck'  equally  measures  the  two  arcs^  the  celestial 
arc  0/1  and  the  instrumental  arc  0  v\ 

The  instrument  thus  described  in  its  principle  is  one  of  most  ex- 
tensive utility  in  observatories,  and  is  called  an  EauATOBiAL. 

In  its  practical  construction  it  is  very  variously  mounted^  and  is 
generally  acted  upon  by  clock-work,  which  imparts  to  it  a  motion 
round  the  axis  a  k',  corresponding  with  the  rotation  of  the  celestial 
iphere. 

One  of  the  many  mechanical  arrangements  by  which  this  maybe 
effected  is  represented  in^.  14,  as  given  by  the  Astronomer  Royal, 
m  his  lectures  delivered  at  the  Ipswich  Museum. 


Fig.  14. 

The  instrument  is  supported  upon  pivots^  so  that  its  axis  a  V  shall 
coincide  exactly  with  the  direction  of  the  celestial  axis.  The  tele- 
scope c  D  turns  upon  a  joint  at  the  centre,  so  that  different  directions 
such  ss  &!/,&'  d'',  may  be  given  to  it  The  motion  upon  its  axis  is 
imparted  to  it  by  wheel- work  s'lk^  impelled  by  clockwork,  as 
already  mentioned. 

Having  explained  the  general  construction  of  the  principal  m- 
struments  used  in  astronomical  observations,  we  will  now  devote 
the  renudnder  of  this  chapter  to  a  description  of  a  few  celebrated 
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instruments  of  eadi  class,  which  aie  remarkable  for  their  stability 
and  magnitude. 

44.  Sir  "VT.  Benob^'s  forty-fiMt  reflector. — This  instru- 
ment^ which  is  memorable  as  the  first  ever  constructed  upon  a 
scale  of  such  stupendous  magnitude,  and  still  more  so  for  the  vast 
discoveries  made  with  it  by  its  illustrious  inventor  and  constructor, 
is  represented  in  Plate  IL  It  is  not  necessaiy  to  give  a  detailed 
account  of  this  celebrated  instrument,  as  it  has  been  dismantled 
since  the  removal  of  Sir  John  Herschel  from  Slough,  and  has  not 
been  remounted.  The  total  length  of  the  telescope  tube  was  59  ft. 
4  in.  and  its  clear  diameter  4  ft.  1  o  in.,  the  diameter  of  the  speculum 
being  4  ft.,  with  a  reflecting  suiface  of  1 2*566  square  feet. 

45.  Tbe  ]Roese  telescopes.  — The  lesser  instrument,  with  its 
mounting,  is  represented' in  Plate  m.  The  speculum  is  3  feet 
aperture,  and  7*068  square  feet  reflecting  sur&ce.  Hie  length  of 
the  telescope  is  27  feet  It  is  erected  upon  the  pleasure  grounds  at 
Parsonstown  Castle,  the  seat  of  its  illustrious  constructor.  ^  The 
weight  of  metal  in  the  speculum  is  about  1 3  cwt. 

But  the  most  stupendoiid  instrument  of  celestial  investigation, 
and  by  far  the  largest  and  most  powerful  ever  constructed,  is  re- 
presented in  Plates  IV.  and  V.  from  drawings  made  for  this  work 
imder  the  superintendence  of  his  Lordship  himself.  Plate  IV. 
presents  a  south,  and  Plate  V.  a  north  view  of  the  instrument. 

The  dear  aperture  is  6  ft.,  and  consequently  the  magnitude  of 
the  reflecting  surface  is  28-274  ^^^^^  ^^^h  being  greater  than  that 
of  Herschel's  great  telescope  in  the  ratio  of  7  to  3. 

The  instrument  is  at  present  used  as  a  Newtonian  telescope 
(0. 504),  that  is  to  say,  tiie  rays  proceeding  along  the  axis  of  the 
great  speculum  are  received  at  an  angle  of  45°  upon  a  second  smaU 
speculum,  by  which  the  focus  is  throvm  towards  the  side  of  the 
tube  where  the  eye-apiece  is  directed  upon  them.  Provision  is, 
however,  made  to  use  the  instrument  also  as  a  Herschelian  tele^ 
scope. 

The  great  tube  is  supported  at  the  lower  end  upon  a  massive 
universal  joint  of  cast-iron,  resting  on  a  pier  of  stone-work  buried 
in  the  ground,  and  is  so  counterpoised  as  to  be  moved  with  great 
ease  in  declination.  In  all  such  instruments,  when  it  is  required 
to  direct  them  to  an  object,  they  are  first  brought  to  the  desired 
direction  by  some  expedient  capable  of  moving  tbem  more  rapidly, 
and  they  are  afterwards  brought  exactly  upon  the  object  by  a  elower 
and  more  delicate  motion.  In  this  case,  the  quick  motion  is  given 
by  a  windlass,  worked  upon  the  ground  by  an  assiBtantat  the  com- 
mand of  the  observer.  The  slow  motion  is  imparted  by  a  mechan- 
ism placed  under  the  hand  of  the  observer. 

The  extreme  range  of  the  telescope  in  right  ascMisioii,  when  di* 
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rected  to  the  equator,  is  i  boor  in  time>  or  15®  in  space ;  hnt 
when  directed  to  higher  declinations,  its  range  is  more  extensive. 

The  tube  is  slung  entirely  by  chains,  and  is  perfectly  steady,  even 
Ji  a  gale  of  wind. 

When  presented  to  the  south,  the  tube  can  be  lowered  until  it 
B  nearly  horizontal ;  towards  the  north,  it  can  only  be  depressed  to 
tLe  altitude  of  the  pole.  The  apparatus  of  suspension  is  so  arranged 
diat  the  instrument  may  be  wo^ed  as  an  equatorial,  and  it  is  eyen 
intended  to  apply  a  c)ock-wotk  mechanism  to  it. 

The  horizontal  axis  of  the  great  Tmiy^sal  joint,  by  which  the 
lower  end  is  supported,  carries  an  index  pointhig  to  polar  distance, 
and  playing  on  a  graduated  arc  of  6  feet  radius.  By  this  means,  the 
telescope  is  easily  set  in  polar  distance.  The  same  object  is  also 
attained,  and  with  greater  precision,  by  a  20-inch  circle  attached 
to  the  instrument. 

Two  specula  hare  been  provided  for  the  telescope,  one  of  which 
eoQtams  3^,  and  the  other  4  tons  of  metal,  the  composition  of 
which  is  1 26  parts  in  weight  of  copper  to  57^  of  tin. 

The  great  tube  is  of  wood  hooped  with  iron,  and  is  7  feet  in  disr 
meter,  and  52  in  length.  The  side-walls,  1 2  feet  distant  from  the 
tube,  are  72  feet  in  length,  48  feet  in  height  on  the  outside,  and 
56  feet  in  the  inside.  These  walls  are  built  in  the  plane  of  the 
meridian. 

The  observer  stands  in  one  or  other  of  four  galleries,  the  three 
highest  of  which  are  drawn  out  from  the  western  wall,  while  the 
fourth  or  lowest  has  for  its  base  an  elevating  platform,  along  the 
snrfiu»  of  which  a  gallery  is  moved  from  wall  to  wall  by  a  me- 
chanism at  the  command  of  the  observer. 

46.  The  Oxftnrd  lialiometer. — This  class  of  instrument, 
widch  derives  its  name  from  having  been  first  applied  to  the  mea- 
aorement  of  the  diameter  of  the  sun,  consists  of  a  telescope 
mounted  as  an  equatorial,  the  object-glass  of  which  is  divided  along 
a  plane  pasnug  through  its  optic  axis,  each  half  of  the  lens  being 
c^Mble  of  being  moved  in  its  own  plane,  so  that  the  axes  of  the 
two  semi-lenses,  being  always  parallel  to  each  other  and  to  the 
axis  of  the  telescope,  may  be  within  certain  lii^ts  separated*  from 
each  other,  more  or  less,  at  the  pleasure  of  the  observer. 

Froni  what  has  been  explained  in  general  of  Hie  structure  of  an 
equatorial  instrument  (43);  and  from  the  drawing  of  this  instru- 
ment given  in  Plate  YI.,  the  provisions  for  the  direction  of  the 
telescope  in  right  ascensicm  and  declination  will  be  easily  compre- 
hended. The  polar  axis,  round  which  the  instrument  turns  in  right 
ascension,  is  fixed  upon  the  face  of  a  block  of  Portland  stone,  and 
the  graduated  circle  measuring  right  ascension  is  seen  at  the  top 
and  at  right  angles  to  the  polar  axis.    This  circle  receives  its 
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motdon  in  the  UBoal  way,  from  clockwork,  which  is  attached  to 
the  stone  pier,  and  which,  with  its  impelling  suspended  weighty 
is  seen  in  tiie  drawing.  Rods  are  provided  by  which  the  observer 
can,  at  pleasure,  set  the  clock  going,  or  stop  it,  and  connect  it 
with,  or  disengage  it  from,  the  equatorial  circle. 

The  circle  for  indicating  polar  distance  or  declination  is  placed 
upon  the  horizontal  axis  of  tiie  instrument,  and  also  appears  in  the 
drawing  at  the  side  opposite  to  that  at  which  the  telescope  is 
attached. 

The  object-glass  of  this  instrument,  sometimes  called  the  ^^  di- 
vided object-glass  micrometer,"  supplies  a  very  accurate  method  of 
measuring  angles  which  do  not  exceed  a  certain  limit  of  magiti- 
tude. 

It  appears  by  the  principles  of  optics,  that  when  the  image  of 
a  distant  object  is  produced  by  a  lens,  each  point  of  such  image  is 
formed  by  rays  which  proceed  from  every  point  of  the  lens.  If, 
therefore,  a  part  of  the  lens  be  covered  by  an  opaque  body  or  cut 
away,  each  point  of  the  image  will  still  be  formed  by  the  rays 
which  proceed  from  every  point  of  the  lens  whichisnot  coveredorcut 
away.  The  only  difference  which  will  be  observed  in  the  image 
will  be,  that  it  will  be  less  strongly  illimiinated^  being  deprived  of 
the  rays  which  it  received  from  the  part  of  the  lens  covered  or  cut 
away,  and  that  it  will  be  less  distinct  in  consequence  of  certain 
effects  of  diffraction  which  need  not  be  noticed  here. 

It  follows,  therefore,  that  half  a  lens  will  produce  at  the  focus  an 
image  of  a  distant  object,  and  if  two  halves  of  the  same  lens  be 
placed  concentrically)  they  will  form  two  images,  the  exact  super- 
position of  which  will,  in  fact,  constitute  the  image  formed  by 
the  complete  len&  But  if  the  two  halves  be  not  concentrical,  the 
two  images  will  not  be  superposed,  but  will  bo  separated  by  aspace 
corresponding  with,  and  proportional  to,  the  distance  between  the 
centres  of  the  two  half  lenses.  Thus,  if  the  lenses  be  directed  to 
the  sun,  two  images  of  the  solar  disk  will  be  produced  at  the 
focus  of  the  lenses,  and  these  images  may  be  shifted  in  their  posi- 
tions, the  centres  approaching  to,  or  receding  from,  oiie  another, 
acc(»rding  as  the  centres  of  the  two  half  lenses  approach  to,  or 
recede  from,  each  other ;  and  if  the  angular  distance  through  which 
eiHier  image  moves  can  be  known,  it  is  easy  to  see  how,  by  this 
means,  the  apparent  diameter  of  such  an  object  as  the  sun  can  be 
measured.  For  this  purpose,  let  the  two  half  lenses  be  first  placed 
concentrically,  so  that  the  two  images  shall  be  exactly  supeiposed. 
Then  let  one  of  the  two  lenses  be  moved  (the  edges  of  the  semi- 
lenses  being  always  maintained  in  contact),  until  the  image,  formed 
by  the  semi-lens,  which  is  moved,  shall  be  removed  to  such  a  posi- 
tion that  the  two  images  dhall  touch  each  other  externally,  as  in 
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^.15.    In  that  case  it  ia  eyident  that  the  centre  of  the  image 

fonned  by  the  semi-lens  which  has 

been  mored,  most  have    moved 

orer  a  space  equal  to  the  diameter 

of  the  image  of  the  disk,  and  if  the 

aogular  ralue  of  such  space  be 

known,  the  apparent  diameter  of 

the  son  will  be  known.  ^***  '^' 

This  was  the  q)plication  of  the  divided  object-glass,  from  which 
the  heUometer  took  its  name.  The  instrument,  however,  has  since 
been  applied  to  so  manj  other  important  purposes^  that  the  name 
btf  ceased  to  express  its  uses. 

The  two  semi-lenses  forming  the  object-glass  of  the  heliometer 
are  set  edge  to  edge  in  strong  brass  frames,  which  slide  in  grooves 
with  a  snooth  and  even  motion.  They  are  moved  by  fine  screws 
which,  by  the  intervention  of  cog-wheels,  are  turned  by  a  pair  of 
rods  which  pass  along  the  tube  of  the  telescope.  The  separation 
of  the  centres  of  the  semi-lenses,  and  consequen^y  the  angular  dis- 
tsnce  between  the  two  images,  is  measured  according  to  a  known 
scale  by  the  number  of  turns  and  parts  of  a  turn  of  the  screw 
which  are  necessaiy  to  produce  the  separation  or  to  bring  back  the 
Kmi-lenses  to  a  concentrical  position^  if  they  are  separated. 

It  is  obvious,  that  the  same  principle  will  be  applicable  to 
measure  ^e  apparent  angular  distance  between  any  two  objects^ 
such  as  two  stiEirs,  which  are  so  near  each  other  ^at  they  may 
be  seen  together  in  the  field  of  view  of  the  telescope.  For  this 
purpose,  let  the  semi-lenses  be  first  placed  concentrically.  The  two 
stars  8  and  s'  will  then  be  seen  in  their  proper  positions  in  the 
field.  Let  the  semi-lenses  be  then  moved  so  that  two  images  of 
each  star  will  be  visible.  Let  the  motion  be  continued  until  the 
image  of  the  star  8  by  one  semi-lens  coincides  with  the  image  of 
the  other  star  s'  by  the  other  semi-lens.  The  angular  distance  cor- 
re^Kmding  to  the  separation  of  the  lenses  will  then  be  the  angular 
distance  between  the  stars. 

In  this  heliometer  a  very  ingenious  contrivance  is  introduced  to 
enable  the  observer  to  read  the  scale  by  which  the  angular  magni- 
tude corresponding  to  the  separation  of  the  centres  of  the  semi-lenses 
u  indicated.  This  is  accomplished  by  placing  a  scale  behind  the 
object-glass  in  the  interior  of  the  telescope  tube,  so  that  it  can  be 
read  by  means  of  a  long  microscope,  the  eye-glass  of  which  is  placed 
near  ^e  eye-piece  of  the  telescope.  This  interior  scale  is  illumi- 
nated by  a  piece  of  platinimi  wire  placed  near  it,  which  is  rendered 
incandescent  by  a  galvanic  current  transmitted  upon  it  at  pleasure 
by  the  observer.  This  current  is  produced  by  a  Smee's  battery 
placed  in  a  room  below  that  containing  the  heliometer. 
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A  very  splendid  instrument  of  (Ms  class  lias  been  erected  at  the 
Pttlkowa  observatory. 

47.  Tbe  OreenwioH  tr«Mslt-olrele«— This  instrument,  which 
has  superseded  the  i  o-feet  transit  instrument  and  6-feet  mural  circle 
at  the  Royal  Observatory  since  the  beginning  of  1851,  has  been 
oonstnicted  on  a  vast  scale  of  magnitude  aud  stability.  The  aper- 
ture of  the  object-glass  of  the  former  transit  being  about  5  inches, 
while  that  of  the  mural  circle  measured  only  4  inches,  made  it 
generally  impossible  to  obtain  trustworthy  observations  of  the 
numerous  small  planets  which  had  been  lately  discovered.  For 
the  credit  therefore  of  the  national  observatory;  it  was  considered 
advisable  to  erect  a  more  powerful  instrument  with  an  object-glaas 
of  increased  aperture,  and  in  the  form  of  a  transit-circle, 

A  perspective  view  of  this  instrument  is  presented  in  Plate  Vll., 
made  from  original  drawings  taken  by  permission  of  the  Astro- 
nomer Royal. 

It  was  also  found,  by  the  results  of  observations  made  with 
the  I  o-feet  transit  instrument  that,  although  it  was  the  best  of  its 
class,  and  had  been  constructed  with  the  greatest  degree  of  artistic 
skill,  it  was  nevertheless  so  unstable  as  to  produce  errors  in  the 
determination  of  time,  which  it  was  possible,  and  therefore  desir- 
able, to  remove  by  introducing  improved  principles  of  construction^ 
which  will  be  presently  explained  in  relation  to  another  instrument 
previously  erected  at  the  Observatory. 

This  instrument  consists  of  atelescope  fixed  between  two  parallel 
circles,  one  of  which  is  graduated,  resting  on  horizontal  supports, 
placed  on  two  stone  piers,  so  that  the  line  of  collimation  moves  in 
the  plane  of  the  meridian. 

The  telescope  tube,  which  is  nearly  1 2  feet  long,  consists  of  a 
hollow  cube  of  metal,  to  which  two  large  cones  are  bolted  by  means 
of  flanges.  At  the  smaller  end  of  one  cone  is  the  object-glass,  and 
in  that  of  the  other  the  eye-piece.  Each  of  these  cones  weighs 
175  cwt.,  and  the  central  cube  with  its  pivots  weighs  8  cwt.  The 
whole  length  of  the  horizontal  axis  of  the  instrument  is  6  feet,  the 
diameter  of  each  of  the  pivots  being  6  inches.  The  object-glasa  is 
8  inches  aperture,  its  optical  power  being  sufficient  for  the  obeer- 
vation  of  the  faintest  objects  which  are  presented  in  the  ordinary 
course  of  meridional  observations. 

The  parallel  circles  between  which  the  telescope  is  fixed,  are  each 
6  feet  in  diameter,  and  are  firmly  attached  to  cylindrical  bands,  <NQe 
on  each  side  of  the  central  cube  of  the  telescope.  The  clamping 
apparatus  is  applied  to  the  eastern  circle,  and  the  western  circle  is 
graduated.  The  reading-off  is  eflected  by  means  of  six  microscopes, 
each  45  inches  in  length,  which  are  simply  inclined  perforations 
through  the  western  pier,  having  their  eye-pieces  axranged  on  the 
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backof  tlie  western  pier  in  a  circle  whose  diameter  is  21  inches, 
and  their  object-glasses  on  the  eastern  side  arranged  in  a  circle 
about  5  feet  in  diameter,  pointing  to  the  divisions  on  the  limb  of 
the  graduated  circle. 

Ihe  graduation  of  the  circle  is  such  as  to  show  approximately 
xenith  distances ;  while  a  pointer  fixed  to  a  block  projecting  from 
the  lower  part  of  the  pier,  directed  to  another  graduated  band  on 
the  outer  or  eastern  side  of  the  circle,  is  used  for  setting  the  tele- 
scope, and  gives  approximately  north  polar  distances.  A  small 
finder,  with  a  laige  field  of  view,  is  attached  to  the  side  of  the 
cone  near  the  eje-pieoe,  for  the  convenience  of  setting  for  large 
objects. 

A  large  gas-light  conveniently  placed,  illuminates,  by  means  of 
a  lens  for  each  microscope,  the  graduated  arc  of  the  circle  at  the 
dirisioDs  which  are  viewed  by  the  several  microscopes,  and  also  the 
field  of  the  telescope. 

A  variety  of  other  provisions  and  adjustments  are  attached  to  the 
instroment,  which  it  would  be  impossible  to  render  clearly  intelli- 
gible without  reference  to  the  instrument  itself,  or  very  detailed  and 
elaborate  drawings  of  its  several  parts,  which  our  limits  do  not 
permit  us  to  introduce  here. 

48.  TiM  PQULOwa  prime  ▼ertleal  tnatroment. — ^This  instru- 
ment may  be  summarily  described  as  a  transit,  whose  line  of  colli- 
mation  moves  in  the  plane  of  the  prime  vertical,  instead  of  that  of 
the  meridian.  Nevertheless,  its  astronomical  uses  are  essentially 
distinct  from  those  of  the  transit  instrument  (23). 

The  first  instrument  made  on  this  principle  was  erected,  in  the 
beginning  of  the  last  centuxy,  under  the  direction  of  the  celebrated 
Boemer,  whose  name  is  rendered  memorable  by  the  discovery  of  the 
mobility  of  light  (542).  It  was  applied  by  that  astronomer  chiefly 
to  observations  on  the  sun  near  the  equinoxes ;  but  none  of  the 
purposes  to  which  it  has  fhore  recently  subserved  appear  to  have 
been  contemplated,  and  the  instrument  was  allowed  to  fall  into  dis- 
oae.  Its  revival,  and  the  idea  of  its  application  to  various  im- 
portant classes  of  observations  in  the  higher  departments  of  practical 
astronomy,  and  more  especially  to  replace  the  zenith  sector  in 
ohservatians  having  for  their  object  the  more  exact  determination 
of  aberration  and  nutation,  and  for  researches  in  stellar  parallax,  is 
due  to  Professor  BesseL  Many  of  the  improved  details  of  construc- 
tion exhibited  in  the  Pulkowa  instrument  are,  however,  due  to  Pro- 
fessor Struve,  who,  besides,  has  obtained  such  remarkable  results 
by  the  system  of  observations  which  he  has  made  with  it. 

The  Pulkowa  prime  vertical  instrument  was  constructed,  under 
the  direction  of  Professor  Struve,  by  Messrs.  Repsold,  of  Hamburg. 
Two  stone  piers  being  erected  in  planes  at  right  angles  to  the  me- 
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ridian,  vertical  chairs  are  fixed  upon  their  summits  in  such  a  posi- 
tion that  the  line  joining  them  is  in  the  plane  of  the  meridian. 
These  chairs  are  the  supports  of  the  cylindrical  extremities  of  the 
horizontal  axis  of  the  instrument,  which  is,  therefore^  also  in  the 
plane  of  the  meridian.  The  extremities  of  this  axis  project  beyond 
the  chairs  and  the  piers  on  each  side,  and  the  transit  telescope  is 
keyed  on  to  one  of  them,  while  a  coimter-weight  is  keyed  on  to  the 
other.  The  telescope,  haying  its  line  of  collimation  adjusted  at 
right  angles  to  the  horizontal  axis,  reyolves  with  this  axis  outside 
the  piers,  in  the  same  manner  exactly  as  the  transit  telescope 
reyolves  between  its  piers;  and  as  the  line  of  collimation  of  the 
latter  moves  in  the  plane  of  the  meridian,  that  of  the  transit  tele- 
scope of  the  present  instrument  moves  in  the  plane  of  the  prime 
vertical. 

Adjustments  are  provided  in  connection  with  the  two  chairs,  one 
of  which  raises  and  lowers  the  axis,  and  the  other  moves  it  in 
azimuth,  similar  exactly  to  those  described  in  the  case  of  the  transit 
instrument  (25),  ei  ieq.  By  these  means,  and  by  proper  levels, 
the  axis  is  rendered  truly  horizontal,  is  brought  exactly  into  the 
plane  of  the  meridian,  and  the  line  of  collimation  is  brought  to 
coincide  with  the  plane  of  the  prime  vertical  by  other  expedients, 
similar  in  principle  to  those  adopted  in  the  case  of  the  transit  in- 
strument. 

The  instrument,  mounted  on  the  piers,  is  represented  in  Plate 
Vin.,  as  seen  from  the  west,  projected  on  the  plane  of  the  meridian, 
the  telescope  being  on  the  north  side,  and  placed  so  that  the  line  of 
collimation  is  directed  to  the  zenith.  The  telescope  has  7  feet 
7  inches  focal  length,  with  an  object-glass  having  a  clear  aperture 
of  6-25  inches.  The  magnifying  power  commonly  used  is  270.  In 
the  eye-piece  a  system  of  seven  parallel  vertical  micrometer  vrires 
is  fixed,  similarly  to  those  of  the  transit  instrument  (22),  and  is 
similarly  used  with  relation  to  the  clock,  'as  already  described  in  the 
case  of  the  latter  instrument.  A  lamp  is  placed  at  a  convenient 
distance  from  the  centre  of  the  telescope,  the  light  of  which,  ad- 
mitted by  a  plate  of  glass  fixed  in  the  side  of  the  tube,  is  received 
upon  a  small  reflector  at  45^  within,  and  reflected  along  the  tube, 
so  as  to  illuminate  the  wires  at*night. 

To  enable  the  observer  to  direct  the  telescope  to  any  required 
altitude,  a  small  telescope,  called  ajinder,  is  fixed  to  the  outside  of 
the  great  telescope,  near  the  eye-piece,  having  attached  to  it  a 
graduated  circle,  l3ie  plane  of  which  is  parallel  to  the  prime  vertical, 
and  also  a  level.  The  line  of  collimation  of  the  finder  being  pa- 
rallel to  that  of  the  great  telescope,  when  the  former  is  directed  to 
any  altitude  by  means  of  the  level  and  graduated  circle,  the  former 
will  be  similarly  directed.     This  finder  appears  in  the  drawing 
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ootflide  the  tdescope;  and  a  counterpoise  to  it  is  lepresented  on  the 
inside. 

The  process  qf  reversion  of  the  horizontal  axis,  which  in  the 
transit  instrument  is  only  used  for  the  purpose  of  adjustment  (26)^ 
constitutes,  in  the  case  of  the  prime  vertical  instarument,  an  essen- 
tial part  of  every  observation.  It  was^  therefore,  of  the  greatest 
impOTtance  that  an  easy,  expeditious,  and  safe  apparatus  for  rever- 
skm  should  be  provided.  This  was  contaived  with  great  ingenuity 
by  the  makers,  and  attended  with  the  most  successful  results,  re- 
sults to  which  M.  Strove  ascribes  a  great  share  of  the  advantage 
obtained  by  this  instrument  A  part  of  this  apparatus,  by  which 
the  horizontal  axis,  with  the  telescope,  counterpoise,  and  their  ac- 
cessories, is  elevated  from  the  chairs,  is  represented  in  the  drawing 
above  the  instrument.  The  two  cords  of  suspension  being  attached 
by  hooks  to  two  points  on  the  a£is  at  equal  distances  from  its 
centre,  so  as  to  maintain  the  equilibrium,  the  instrument  is  elevated 
by  means  of  a  windlass  established  on  the  floor  below  it  and  be- 
tween the  piers.  When  raised  to  the  necessary  height,  it  is  turned 
through  hadf  a  revolution  in  azimuth,  so  that  the  ends  of  the  axis 
are  brought  directly  over  the  chairs,  into  which  they  are  then  let 
down.  So  perfect  is  the  performance  of  this  apparatus,  that,  not- 
withstanding the  magnitude  and  weight  of  the  instrument,  the 
whole  process  of  reversion  is  completed  in  sixteen  seconds;  and  the 
intervd,  frx>m  the  moment  the  observer  completes  an  observation 
with  the  telescope  on  the  north  side,  to  the  moment  he  conmiencea 
it  on  the  south  side,  including  the  time  of  rising  from  the  observing- 
couch,  disengaging  the  clamps,  withdrawing  the  key  from  the  mi- 
crometer, reversing,  directing  the  instrument  on  the  south  side  to 
the  object  by  means  of  the  finder,  closing  the  clamps,  returning  the 
key  to  the  micrometer,  and  placing  himself  on  the  observing-couch^ 
is  only  80  seconds. 

How  essential  to  the  practical  use  of  the  instrument  this  celerity 
is,  will  be  understood  when  it  is  stated,  that  the  same  object  which 
has  been  observed  on  one  side  must  be  also  observed  on  the  other 
M  tMe  mme  transit.  The  reversion,  therefore,  must  be  completed  in 
leas  time  than  that  which  the  object  takes  by  the  diumal  motion  to 
pass  over  the  space  conmianded  by  the  field  of  the  telescope  in  the 
two  positions. 

To  comprehend  the  method  of  applying  this  instrament  to  the 
purposes  of  practical  observation,  it  is  necessary  to  remember  that 
it  b  only  applicable  to  objects  moving  in  parallels  of  declination 
which  intersect  tJie  prime  vertical.  Such  objects  must  have 
northern  declination  (the  instrument  being  supposed  to  be  estab- 
lished in  a  place  having  north  latitude),  and  a  polar  distance  greater 
than  that  of  the  zenith  of  the  observatory,  tiiat  is  to  say,  greater 
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than  its  co-latitade.  The  parallelfl  oyer  which  sach  objects  are 
carried  hj  the  diomal  motion^  all  intersect  the  prime  vertical  at 
two  points  of  equal  altitude,  one  on  the  eastern,  and  the  other  on 
the  western,  quadrant  of  that  circle.  In  passing  from  the  east 
point  of  intersection  to  the  west  point,  the  object  passes  over  the 
meridian,  and  it  is  eyident  that  the  moment  of  its  meridional  tran^t 
is  precisely  the  middle  of  the  interval  between  its  two  prime 
vertical  transits.  If,  therefore,  the  exact  times  of  the  latter  be 
observed,  the  time  of  the  meridional  tranut  can  be  deduced  hy  a 
simple  arithmeticid  process. 

When  the  telescope,  being  on  the  north  side,  is  directed  and 
clamped  in  its  position,  the  observer  awaits  the  transit,  the  time 
of  which  he  already  knows  approximately.  At  the  near  approach 
of  the  transit  he  places  himself  on  the  observing-couch;  and,  seeing 
the  object  enter  the  field,  notes  the  seconds  by  the  dock  of  its 
transits  over  the  seven  wires  of  the  micrometer. 

The  moment  the  transit  over  the  seventh  wire  has  been  observed 
he  rises  and  performs  all  that  is  necessaiy  for  the  reversion  of  the 
instrument^  which  being  completed,  he  again  places  himself,  and 
observes  the  transits  over  the  seven  wires  on  the  soutii  side ;  but  in 
this  case,  owing  to  the  change  of  position^  the  order  of  the  transits 
is  reversed. 

Now,  it  is  evident  that  the  true  moment  of  the  transit  over  tiie 
prime  vertical  will  be  found  by  taking  a  mean  between  the  times 
of  the  transits  over  all  the  wii'es  at  both  sides.  These  observations 
being  completed,  the  observer  awaits  the  transit  of  the  object  over 
the  western  quadrant  of  the  prime  vertical,  when  he  makes  a 
similar  series  of  observations  of  transits,  first  with  the  telescope  on 
the  south  side,  in  the  position  it  had  at  the  last  observation,  and 
then,  after  reversion,  at  the  north  side.  The  true  moment  of  the 
transit  is  found,  in  this  case,  in  the  same  manner  as  in  the  former. 

By  taking  a  mean  of  these  two  means,  or,  what  would  be  equi- 
valent, a  mean  of  the  times  of  all  the  twenty-eight  transits^  the  time 
of  the  meridional  transit  will  be  obtained. 

The  total  length  of  the  interval,  necessaiy  to  observe  the  transits 
over  the  wires,  north  and  south,  in  each  quadrant  of  the  prime 
vertical,  is  found  to  be  about  eleven  minutes,  less  than  i }  minute 
of  which  is  employed  in  the  reversion  of  the  instroment  and 
attendant  arrangements. 

The  time  whieh  elapses  between  the  observations  on  the  eastern 
«nd  western  quadrants  of  the  prime  vertical,  will  necessarily  vaiy 
with  the  polar  distance  of  the  object,  and  will  be  less  in  proportion 
as  excess  of  that  distance  above  the  co-latitude  is  less.  The  ob- 
servations whieh  have  been  made  with  tiiis  instrument  at  Pulkowa 
bave  been  chiefly  confined  to  stars  whose  polar  distance  exceeds  the 
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co-latitode  bjless  than  2^.  In  that  case,  the  interval  between  the 
obserrations;  eaat  and  west,  would  be  less  than  three  hours. 

Profeasor  Straye  notices,  in  strong  terms,  the  advantage  which 
this  instrumait  possesses  over  others  in  respect  to  the  errors  arising 
from  the  variation  of  the  inclination  of  the  line  of  collimation  to 
the  axis  of  rotation.  In  the  prime  vertical  instrument,  the  devia- 
tion of  the  line  of  collimation  from  true  perpendicularity  to  the  axis 
of  rotation,  is  assumed  to  be  invariable  only  during  tiie  short  in- 
terval of  a  single  observation,  whereas,  in  other  instruments,  its 
invariability  is  assumed  for  twelve  hours,  and  in  some  cases  for 
mwitha,  and  even  years.  It  has  the  further  great  advantage,  that, 
by  reversion  in  each  quadrant,  east  and  west^  all  optical  imperfec- 
tions which  afiect  the  precision  of  the  image  of  the  star  are  abso- 
lutely annihilated.* 

49.  Tlie  Oreenwltfli  altaslmnth  liwtniiiient. — The  purpose 
chiefly  to  which  this  instrument  is  applied,  is  the  improvement  of 
the  lunar  theory  by  multiplying  in  alai^  ratio  the  observations  which 
can  be  made  from  montii  to  month  of  the  moon  in  almost  every 
part  of  her  orbit,  thus  supplying  materials  on  an  increased  scale 
for  a  oomparisou  of  observed  positions  of  the  moon,  with  places 
calculated  from  tables  formed  for  that  purpose  from  theory.  Similar 
observations  were  always  made  with  the  mural  circle  and  the  transit, 
but  ^ey  were  consequently  confined  to  meridional  transits.  Now, 
^ese  transits  cannot  be  observed  on  the  meridian,  even  when  the 
firmament  is  unclouded,  for  four  days  before  and  four  days  alter 
the  new  mooo,  in  consequence  of  the  proximity  of  that  body  to 
the  Bun^  an  interval  amounting  to  little  less  than  one-third  of  the 
month.  Besides  this,  it  happens,  in  this  climate,  that,  at  the 
moment  ci  the  meridional  transits  at  other  parts  of  the  month, 
the  obaervation  is  frequently  rendered  impracticable  by  a  clouded 
akj.  It  was,  therefore,  highly  desirable  to  contrive  some  means 
of  making  the  observations  in  extra-meridional  positions  of  the 
moon  which  would  bear  comparison  with  those  made  with  the 
meridional  instruments. 

THoB  oould  obviously  be  accomplished  by  means  of  an  ordinary 
altitude  and  azimuth  circle;  but  such  an  instrument,  however 
perfect  might  be  its  construction,  is  not  susceptible  of  the  necessary 
preciaion.  The  Astronomer  Royal,  therefore,  conceived  the  idea  of 
an  instrument  on  the  same  principle,  which,  while  it  would  be 
capable  of  shifting  its  azimuth,  would  still  be  susceptible  of  as 
much  precision  in  each  vertical  in  which  it  might  be  placed,  as  the 

*  For  a  dsttiled  account  of  the  Pnlkowa  prime  vertical  instmment,  see 
Dt$eriptitm  dt  POUenatoire  JMrcmomiqws  de  PulhowOf  parF.  Q.  W.  Strnve. 
Also  Attromomiteke  NaekriehUn,  No.  468,  <<  teq. 
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mural  circle  has  in  the  meridian.  He  accoidinglj  proposed  to 
attain  this  object  by  adopting  adequate  engineering  expedients  to 
produce  the  necessary  solidity  and  invariability  of  form.  He 
adopted,  as  fundamental  principles  of  construction^ — 

1.  To  produce  as  many  parts  as  possible  in  a  single  casting; 

2.  To  use  no  small  screws  for  combining  the  parts ; 

3.  To  allow  no  power  of  adjustmenlj  anywhere. 

Following  out  these  principles^  the  instrument  represented  in 
Plate  IX.  was  constructed^  imder  his  superintendence,  by  Messrs. 
Ransome  and  May,  engineers,  of  Ipswich  j  the  graduation  and 
optical  part  being  executed  by  Messrs.  Troughton  and  Simms. 

The  instrument  is  mounted  in  a  tower,  raised  to  such  a  height 
as  to  command  the  horizon  in  all  directions  above  the  o^er  build- 
ings of  the  Observatoiy,  except  on  the  side  of  the  south-east  dome 
and  the  octagon  room.  The  foundation  of  the  instrument  is  a 
three-rayed  pier  of  brickwork,  carried  up  nearly  to  the  level  of  the 
floor  of  the  room  appropriated  to  the  instrument  Upon  this  pier 
is  placed  a  cylindrical  stone  pillar,  3  feet  in  diameter,  which 
appears  in  the  drawing,  and  on  which  the  instrument  is  placed. 
This  pillar  and  the  pier  upon  which  it  reposes  are  quite  indepen- 
dent of,  and  unconnected  with,  the  tower  within  which  it  is  erected, 
and  do  not  even  touch  the  floor  of  the  room  through  which  they 
pass. 

The  fixed  horizontal  azimuth  circle  is  solidly  established  upon 
this  stone  pillar.  It  is  a  circle  3  feet  in  diameter,  the  rim  being 
connected  with  the  centre  in  the  usual  way  by  spokes.  The  whole 
is  constructed  of  hard  gun-metal.  In  the  upper  surface  of  the  rim 
a  circular  groove  is  left,  which  is  filled  wi^  a  band  of  silver,  on 
which  the  divisions  are  engraved.  This  circle  is  divided  into  aics 
of  5'  continuously  from  o**  to  360**.  It  is  set  with  the  zero  towards 
the  south,  and  the  numbering  of  the  divisions  runs  from  south  to 
west,  north  and  east.  This  azimuthal  circle  was  cast  in  a  single 
piece,  and  weighs  441  lbs. 

Attached  to  this,  and  concentric  with  it,  is  another  fixed  hori- 
zontal circle,  having  teeth  on  the  inside  edge,  in  which  the  pinions 
work  by  which  an  azimuth  motion  is  given  to  the  instrument. 

There  are  four  microscopes  placed  at  equal  distances  over  the 
graduated  arc,  which  aro  provided  with  micrometers,  by  which  the 
observation  in  azimuth  is  read  off.  These  microscopes  are  attached 
to  the  instrument  so  as  to  rovolve  with  it  Their  reflectors  are 
illuminated  by  a  lamp  properly  placed. 

The  lower  pivot  on  which  the  instrument  turns  is  spherical,  and 
takes  a  bearing  upwards  in  a  socket  in  the  base-plate,  and  down- 
wards in  a  cone  of  hard  gun  metal.    A  portion  of  the  weight  of 
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the  imtmineot  iB  taken  off  bj  a  counterpoise  acting  hj  levers  which 
posh  a  slider  upwards  against  the  piFot.  To  support  the  upper 
piTot,  an  iron  triangle  is  established  on  the  three-rayed  pier.  On 
etch  side  of  this,  is  erected  another  iron  triangle,  whose  plane  is 
Terdcal,  and  whose  sides  unite  in  a  vertex  which  forms  one  of  the 
tnglee  ci  a  corresponding  triangle  above.  This  upper  triangle  sup- 
ports three  radial  bars,  which  carry  at  their  point  of  union  the  Y  in 
which  the  upper  pivot  plays.  The  bars  of  the  lateral  triangles, 
which  are  apparent  in  the  drawings,  pass  the  holes  in  the  floor  with- 
out touching  it. 

The  frame,  revolving  in  azimuth  and  carrying  the  instrument 
with  it,  consists  oi  a  top  and  bottom  connected  by  vertical  cheeks, 
all  of  cast-iron.  The  supports  of  the  four  microscopes  for  reading 
off  the  azimuth  on  the  lower  circle  are  cast  in  the  same  piece  with 
these  vertical  cheeks. 

The  vertical  circle  carrying  the  telescope  is  3  feet  in  diameter, 
and,  like  the  azimuth  circle,  is  made  of  hard  gim  metal.  The 
ap^tore  of  the  object-glass  is  3}  in.  The  top  and  bottom  of  the 
inatnnnent  each  carries  two  levels,  parallel  to  the  plane  of  the  hori- 
soDtal  axis,  used  in  observations  of  azimuth ;  and  two  levels  are 
fixed  on  one  of  the  vertical  cheeks  parallel  to  the  plane  of  the 
vertical  circle,  used  in  observations  of  zenith  distance. 

The  dome  over  the  instrument  is  cylindrical,  with  double  sides, 
b^weea  which  the  air  passes  fireely.    Its  diameter  is  10  feet. 

The  drawing  represents  the  instrument  as  in  use.  The  ladder 
revoLveain  azimuth,  round  the  central  pier, — to  facilitate  which 
motion,  rollers  are  placed  under  it  A  metal  frame  is  attached  to 
the  vertical  cheek  of  the  instrum^it,  having  its  edges  in  a  plane  pa- 
lallel  to  that  of  the  vertical  circle.  The  eye  being  directed  along 
theee  to  view  tiie  object,  the  instrument  is  placed  very  nearly  in  the 
proper  azimuth,  and  the  telescope  is  then  accurately  directed  to  the 
object  by  the  ring-tinder.    This  frume  is  omitted  in  the  drawing. 

The  results  of  the  observations  made  with  this  instrument  are 
stated  to  have  fulfilled  all  the  anticipations  of  the  Astronomer 
Royal,  as  well  as  to  the  number  of  observations  as  to  their  excel- 
lence. The  number  of  observations  have  exceeded  those  made 
with  the  meridional  instruments  in  the  proportion  of  about  16  to  9. 
Some  have  been  made  even  within  a  day  of  conjunction. 

50.  The  WortsiMimberUuid  equatorial — Oambridre  Obeer- 
TateiT. — The  late  Duke  of  Northumberland,  who  filled  during 
the  latter  part  of  his  life  the  high  and  honourable  office  of  Chan- 
cellor of  the  University  of  Cambridge,  presented  to  that  university 
this  instrument,  which,  successively  in  the  hands  of  the  Astronomer 
Royal  and  Professor  Challis,  has  contributed  so  eftectually  to  the 
advancement  of  astronomical  science. 
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The  instrumenty  of  which  a  perapectiTe  view  is  gtven  in  Plate  X., 
together  with  a  view  of  the  building  in  which  it  is  erected,  oonaists 
of  a  refracting  telescope  of  19^  feet  focal  length  and  11^  inches 
aperture  equatoriallj  mounted.  The  polar  axis,  as  appears  in  the 
drawing,  consists  of  a  system  of  framing  composed  of  six  strong  deal 
poles,  attached  at  the  ends  to  two  hexagonal  frames  of  cast-iron, 
the  centres  of  which  support  the  upper  and  lower  pivots  on  which 
the  telescope  revolves.  These  poles  at  the  middle  are  braced  by 
transverse  iron  bands,  and  by  a  system  of  diagonal  rods  of  deal 
abutting  near  the  middle  of  the  poles.  These  give  stifiEoess  to  the 
entire  framing  of  the  polar  axis,  and  maintain  the  hexagonal  frames 
square  to  it.  Efficient  means  are  provided  to  give  elasticity  to  the 
supports  of  the  pivots  and  smoothness  to  the  equatoiial  motion. 

The  tube  of  the  telescope  is  made  of  well-seasoned  deal,  and  at- 
tached to  one  side  of  it  is  a  fiat  brass  bar,  6  feet  long,  canying  a 
small  graduated  arc  at  right  angles  to  it  at  one  end,  and  turning  at 
the  other  on  a  pin  fixed  in  the  telescope  tube  at  a  distance  of  30 
inches  from,  the  axis  of  revolution.  This  arc,  which  is  called  the 
declination  sector,  serves  to  measure  small  difierences  of  declination, 
and  is  read  by  a  micrometer  microscope  fixed  to  the  telescope  tube. 

The  hour-circle,  which  measures  the  equatorial  motion,  is  5^ 
feet  in  diameter,  and  is  so  arranged  that  it  can  be  clamped  to  the 
telescope,  or  disengaged  from  it,  at  pleasure.  It  has  two  indices 
with  verniers,  one  fixed  to  the  support  of  the  lower  pivot,  and  the 
other  to  the  hexagonal  frame.  By  setting  the  latter  to  a  certain 
angle,  determined  by  an  observation  of  a  star  of  known  right  ascen- 
sion, the  telescope  can  be  directed  to  any  proposed  right  ascension 
by  means  of  the  other  index.  Observations  of  right  ascension  can 
be  made  to  i  second  of  time.  The  outer  rim.  of  the  circle  is  cut 
into  teeth,  which  are  acted  on  by  an  endless  screw  connected  at 
pleasure  by  a  brass  rod  with  a  large  clock,  by  which  a  motion  can 
be  given  to  the  telescope  corresponding  with  the  diurnal  motion  of 
the  heavens. 

The  hour-circle  is  clamped  to  the  frame  of  the  axis  by  a  tangent- 
Bcrew-damp  fixed  to  the  frame  itself,  by  means  of  which,  with  the 
aid  of  a  handle  extending  to  the  place  of  the  observer,  he  can, 
when  the  endless  screw  is  applied,  give  motion  to  the  instrumdnt 
through  a  limited  space  upon  the  hour-circle.  The  rate  of  motion 
given  to  the  hour-circle  by  the  clock  is  not  afiected  by  this  move- 
ment. The  hour-circle,  therefore,  going  according  to  sidereal  time, 
small  difierences  of  right  ascension  can  be  measured  by  reading  off 
the  angles  pointed  to  by  the  movable  index  before  and  after  the 
changes  of  position. 

The  dome  which  covers  the  instrument,  and  which,  as  well  aa 
the  other  details  of  its  erection,  was  constructed  under  the  direction 
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of  tiie  Ajttlruuomer  Royal,  who  was  then  the  Cambridge  astronomer, 
is  sapported  so  as  to  revolye  on  free  balls  between  concave  chan- 
nela,  holdfasts  of  peculiar  constraction  being  provided  to  obviate 
the  eventualitj  of  the  dome  being  dislodged  or  blown  off  by  wind 
or  anj  other  nnosual  disturbance.  The  winch  which  acts  on  the 
machinery  for  turning  the  dome,  is  carried  to  the  observer's  chair, 
so  that  he  can,  while  engaged  in  a  long  observation,  turn  the  dome 
sloMj  without  removing  fit>m  his  position. 

The  magnitude  of  the  instrument,  and  the  consequent  extensive 
motion  of  the  eye-piece,  rendered  it  necessaiy  to  contrive  adequate 
means  by  which  the  observer  could  be  carried  with  the  eye-piece 
by  a  common  motion  without  any  personal  derangement  which 
might  distuib  the  observation.  This  is  accomplished  by  means  of 
an  ingenious  apparatus  consisting  of  a  frame,  of  which  the  upper 
edge  is  neaiiy  a  circular  arc  whose  centre  is  the  centre  of  the  tele- 
scope, which  frame  traverses  horizontally  round  a  pin  in  the  floor 
exactly  below  the  centre  of  the  telescope,  the  observer's  chair  sliding 
on  the  frame.  The  observer  can,  by  means  of  a  winch  placed  beside 
his  diair,  turn  round  the  frame  on  which  the  chair  is  supported, 
and  by  means  of  a  lever  and  ratchet  wheel  he  can  raise  and  lower 
the  chair  on  tiie  frtune.  He  has  also  means  of  raising  and  depress- 
ing the  back  of  the  chair  so  as  to  give  it  the  inclination  he  may  at 
the  moment  find  most  convenient. 

51.  The  QremnwUih  great  equatorial. — This  instrument, 
which  was  completed  in  the  beginning  of  the  year  1 860,  was  erected 
from  designs  liy  the  Astronomer  Royal,  by  Messrs.  Ransomes  and 
Co.  of  Ipswich,  the  general  optical  work  being  performed  by  Messrs. 
Troughtcm  and  Simms,  of  London.  It  consists  of  a  telescope  with 
an  object-glass  by  Merz  of  I2f  inches  aperture,  and  about  1 8  feet 
focal  length,  mounted  according  to  the  principle,  known  as  the 
English  form  of  equatorial  mounting. 

No  novelty  is  introduced  into  the  construction  of  the  polar  axis, 
except  that  the  declination  axis  is  so  far  advanced  in  front  of  the 
polar  axis,  and  the  upper  part  of  the  polar  frame  is  so  cut  away  that 
the  telescope  commands  the  meridian  without  interruption  to  a 
short  distance  beyond  the  pole.  Each  cheek  of  the  polar  axis  is 
constructed  in  the  form  of  a  skeleton  prism,  the  pillars  being  braced 
by  a  series  of  diagonal  tension  bars  and  transversal  thrusting  bars ; 
^ese  are  of  wrought  iron.  The  upper  and  lower  ovals  which  carry 
these  are  of  cast  iron.  On  the  spindle  of  the  lower  oval,  the  hour- 
wheel,  6  feet  in  diameter,  on  which  the  dock  movement  acts,  turns 
freely ;  this  wheel  can  be  clamped  when  necessary  to  the  ovid  or  to 
the  foundation-plate. 

The  declination  circle,  attached  to  the  declination  axis,  is  read 
by  two  microscopes  placed  in  such  a  positioni  that  though  they 
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view  opposite  graduations  on  a  9-feet  dide,  tlie  eje-pieoes  ore  oaAy 
a  few  inches  apart  For  the  iUumination  of  the  microscopes  the 
light  enters  a  hole  in  the  side  of  the  eye-tabe,  when  it  is  reflected 
downwards  by  diagonal  plates  of  transparent  glass ;  it  then  Mis  upon 
the  limb,  whose  siuf ace  is  turned  to  a  concaye  or  dished  conical  form, 
so  that  the  axis  of  the  microscope  is  perpendicular  to  the  portion  of 
the  limb  under  view;  the  light^  therefore,  which  has  been  thrown 
down  that  axis  is  again  reflected  up  the  axis  to  the  eje.  There  is  a 
5 -feet  damp  circle  attached  to  the  opposite  cheek  of  the  polar  axis, 
whose  damp-screw  and  slow-motion  are  acted  on  by  long  handles 
near  the  eye  end  of  the  tdescope. 

For  conyenience  of  setting,  and  for  reading  smaU  difierences  of 
polar  distances,  a  radial  bar  is  fixed  on  one  side  of  the  tdescope, 
which  turns  on  a  pin  near  the  centre  of  motion,  its  graduation  being 
near  the  eye  end  of  the  tdescope;  this  radial  bar  is  bridled  by  a 
graduated  sliding  rod,  of  which  the  distant  end  is  cairied  by  a  pin 
f  ji  one  cheek  of  the  polar  axis. 

The  instrument  is  provided  with  a  dock  movement,  which  is  a 
beautiful  specimen  of  the  application  of  mechanism  for  driving 
smoothly  so  heavy  a  mass.  From  a  self-supplying  tank  placed  on 
the  upper  stoiy  of  the  building,  a  sufficient  fall  of  water  is  obtained 
for  working  a  reaction  machine,  which  revolves  four  times  in  a 
second.  This,  acting  through  two  worms,  drives  the  hour-cirde. 
The  regulation  Lb  eflected  by  the  contrivance  called  Sieman*s  duo- 
nometric  governor,  acting  upon  a  pendulum  having  an  uniform 
conical  motion. 

The  limits  of  this  work  do  not  permit  a  lengthened  detail  of  all 
the  peculiarities  of  this  instrument,  espedally  as,  in  many  respects, 
the  general  appearance  and  many  of  its  parts  are  veiy  similar  to 
what  is  already  described  in  the  account  of  the  Northumberland 
equatonaL  However,  as  a  spedmen  of  astronomical  engineering  it 
is  considered  unique ;  and  the  adoption  in  its  construction  of  every 
modem  instrumental  improvement,  together  with  its  great  stability, 
renders  it  one  of  the  most  important  instruments  of  its  class  to  be 
found  in  any  countiy. 


CHAPTER  m. 

THB  OEXERAL  ROTUNDITT  AMD  DIMEMSIOIfS  OF  THE  EABTH. 

52.  TTbe  eartli  a  atatton  from  wliieli  the  imiTerse  is 
observed. — The  earth  is,  in  various  points  of  view,  an  interesting 
object  of  sdentific  investigation.  The  naturalist  regards  it  as  the 
habitation  of  the  nimierous  tribes  of  organised  beings  which  on 
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the  ^>ecial  subject  of  his  obserration  and  inquiiy^  and  examines 
cviouslj  those  properties  and  qualities  of  soil,  climate  and  atmo- 
sphere, bj  which  it  is  fitted  for  their  maintenance  and  propagation, 
ind  the  conditions  which  govern  their  distribution  over  its  surface. 
The  geologist  and  mineralogist  regard  it  as  the  theatre  of  yast 
physical  operations  continued  through  periods  of  time  extending 
infinitely  beyond  the  records  of  human  history,  the  results  of  which 
are  seen  in  the  state  of  its  crust.  The  astronomer,  rising  abore 
these  details,  regards  it  as  a  whole,  examines  its  form,  investigates 
its  motions,  measures  its  magnitude,  and,  above  all,  considers  it  as 
the  station  from  which  alone  he  can  take  a  survey  of  that  universe 
which  forms  the  peculiar  object  of  his  study,  and  asthe  only  modulus 
or  standard  by  which  the  magnitudes  of  all  the  other  bodies  in  the 
univerae,  and  the  distances  wMch  separate  them  from  the  earth  and 
firom  each  other,  can  be  measured. 

53.  VeeesMury  to  •soertaln  its  Ibmiy  dlmensioiis,  and 
aotloBs. — But  since  the  apparent  magnitudes,  motions,  and  rela- 
tive arrangement  of  surrounding  objects  severally  vary,  not  only 
with  every  change  in  the  position  of  the  station  of  the  observer,  but 
even  with  every  change  of  position  of  the  observer  on  that  station, 
it  is  most  necessary  to  ascertain  with  all  attainable  accuracy  the 
dimensions  of  the  earth,  which  is  the  station  of  the  astronomical 
observer,  its  form,  and  the  changes  of  position  in  relation  to  sur- 
loonding  objects  to  which  it  is  subject. 

54.  Vorm  glolralar. — The  first  impression  produced  by  the 
aspect  presented  by  the  surface  of  the  earth  is  that  of  a  vast  indefinite 
plane  sur&ce,  broken  only  by  the  accidents  of  the  ground  on  land, 
such  as  hills  and  mountains,  and  by  the  more  mutable  forms  due 
to  the  agitation  of  the  fluid  mass  on  the  sea.  Even  this  departure 
from  the  appearance  of  an  extensive  plane  surface  ceases  on  the  sea 
oat  of  nght  of  land  in  a  perfect  calm,  and  on  certain  plains  of  vast 
extent  on  land,  such  as  some  of  the  prairies,  of  the  American  conti- 
nents. 

This  first  impression  is  soon  shovm  to  be  fallacioiis ;  and  it  is 
easily  demonstrated  that  ^e  immediate  indications  of  the  unaided 
sense  of  vision,  such  as  they  are,  are  loosely  and  incorrectly  inter- 
pretedy  and  that,  in  &ct,  even  that  small  part  of  the  earth'?  surface 
which  Calls  at  once  vnthin  the  range  of  the  eye  in  a  fixed  position 
do0$nat  appear  to  be  a  plane. 

Supposing  that  any  extensive  part  of  the  surface  of  the  earth  were 
really  a  plane,  let  several  stakes  or  posts,  of  equal  height,  be  erected 
along  the  same  straight  line,  and  at  equal  distances,  aay  a  mile 
apart  Let  these  stakes  be  represented  by  B$,ef  s^,  s'^  tf'y  &c.,  Jig, 
16,  and  let  a  stake  of  equal  height,  0  o,  be  erected  at  the  station  of 
the  observer.    Now  if  the  surf^  were  a  plane,  it  is  evident  that 
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the  points  $,  tf^  ff\  &c.  must  appear  to  an  eye  placed  at  o  in  the 
same  visual  line,  and  would  eadi  be  Tisible  t]m>ugh  a  tube  directed 
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Fig.  16. 

at  0  parallel  to  the  sur&ce  0  s.  But  such  will  not  be  found  to  be 
the  case.  When  the  tube  is  directed  to  «,  all  the  succeeding  points 
iff  tf%  &C.  will  be  heiow  its  direction.  If  it  be  directed  to  \f,  the 
point  $  will  be  abovCf  and  t^'  and  all  the  succeeding  points  will  be 
hdow  its  direction.  In  like  manner,  if  it  be  directed  to  $"j  the 
preceding  points  8  and  ^  will  be  above^  and  the  succeeding  x>oint8 
below  its  direction.  In  effect  it  will  appear  as  though  each  boc- 
ceeding  stake  were  a  little  shorter  than  the  preceding  one.  But 
as  the  stakes  are  all  preciselj  equal,  it  must  be  inferred  that  the 
successive  points  of  the  surface  s,  8'',  8^',  8%  &c.  are  relatively  lower 
than  the  station  0.  Nor  will  the  effects  be  explained  by  the  sup- 
position that  the  surface  o  s  s'  s'^,  &c,  is  a  descending  but  still 
t^plane  surface,  because  in  that  case  the  points  «,  t^y  i\  &c  must  still 
be  in  the  same  visual  line  directed  finom  0.    It  therefore  follows 


w.i 


^^^^ 


Fig.  17. 

that  the  surface  in  the  direction  0  8  s'  s"  s'",  &c  is  not  jifoiM  but 
cwTPerf,  as  represented  in^.  17,  wheye  the  visual  lines  are  in 
obvious  accordance  with  the  actual  appearances  as  above  explained. 

Now  since  these  effects  are  found  to  prevail  in  eveiy  directian 
around  the  point  of  observation  0,  it  follows  that  the  curvature  of 
the  surface  prevails  all  aroimd  that  point ;  and  since  the  exieid  of  the 
depression  of  the  points  8,  s',  b^%  &c.  at  equal  distances  from  o,  are 
equal  in  eveiy  direction  around  0,  it  follows  that  the  curvature  is 
in  every  direction  sensibly  uniform  around  that  point. 

But  by  shifting  the  centre  of  observation  o,  and  making  similar 
observations  elsewhere,  and  on  every  part  of  the  earth  where  such 
a  process  is  practicable^  not  only  are  like  effects  observedi  but  the 
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degree  of  dqpremon  correepondizig  to  equal  dibtances  from  the  centres 
of  olMemtion  is  the  same. 

Hence  we  infer  that  the  surface  of  the  earth,  as  obeerved  cUrectfy 
iytke^fe,iA  not  a  plane  surface,  but  one  eyerywhere  curved,  and 
that  thecunrature  is  ererywhere  uniform,  at  least  that  no  departure 
from  perfect  uniformity  in  its  general  currature  exists  sufficiently 
eoofliderable  to  be  dis(x>yered  by  this  method. 

But  the  only  form  of  a  solid  body  which  has  a  sur&ce  of  uniform 
eorratore  is  a  sphere  or  globe,  and  it  is  therefore  established  that 
sodi  is  the  form  of  the  earth. 

55.  Tills  oonoliisloii  eorroborated  by  olreiimiiaTliratloii. — 
If  a  yeesel  sail,  as  far  as  it  is  practicable  to  do  so,  constantly  in  the 
tune  direction,  it  will  at  length  return  to  the  port  of  its  departure, 
l»TiDg  circumnayigated  the  earth,  and  during  its  course  it  appears 
to  pane  oyer  an  imiform  surface.  This  is  obyiously  what  must  take 
place  so  far  as  regards  that  part  of  the  earth  whicli  is  covered  with 
water,  supposing  it  to  be  a  globe. 

56.  (^ovroborttted  by  lunar  eclipsMb — But  the  most  striking 
and  condusiye  corroboration  of  the  inference  just  made,  and  indeed 
a  phenomenon  which  alone  would  demonstrate  the  form  of  the  earth, 
IB  that  which  is  exhibited  in  lunar  eclipses.  These  appearances, 
which  are  so  frequently  witnessed^  are  caused  by  the  e^th  coming 
between  the  sun  and  the  moon,  so  as  to  cast  its  shadow  upon  the 
latter.  Now  the  form  of  that  shadow  is  always  precisely  that 
which  one  globe  would  project  upon  another.  The  phenomenon  thus 
at  once  establishes  not  only  the  globular  form  of  the  earth,  but  that 
of  the  moon  also. 

57.  ▼arious  effsetd  ladicatiiiv  the  eartb'a  rotundity. — The 
lo^indity  of  the  earth  being  once  admitted,  a  multitude  of  its  con- 
sequences and  effects  present  themselyes,  which  supply  corrobora- 
ttye  evidence  of  that  important  proposition. 

When  a  ship  sails  from  the  observer,  the  first  part  which  should 
3  to  be  visible,  if  the  earth  were  a  plane^  would  be  the  rod  of  the 
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top-mast,  having  the  smallest  dimensions,  and  the  last  the  huU  and 
tails,  being  the  greatest  in  magnitude; — but,  in  fact,  the  very 
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reverse  takes  place.  The  hull  first  disappears,  then  the  sails,  and 
lastly  the  top-mast  alone  is  visihle  by  a  telescope,  appearing  like 
a  pole  planted  in  the  water.  This  becomes  graduallj  shorter^  ap- 
pearing to  sink  in  the  water  as  the  vessel  recedes  from  the  eye. 

These  appearances  are  the  obvious  consequences  of  the  gradual 
interposition  of  the  convexity  of  the  part  of  the  earth's  surface  over 
which  the  vessel  has  passed,  and  will  be  readily  comprehended  by 
the^.  1 8. 

K  the  observer  take  a  more  elevated  position,  the  same  succee- 
sion  of  phenomena  will  be  presented,  only  greater  distances  will 
be  necessary  to  produce  the  same  degree  of  ap- 
parent sinking  of  the  vesseL 

Land  is  visible  from  the  top-mast  in  approaching 
the  shore,  when  it  cannot  be  seen  from  the  deck. 

The  top  of  the  peak  of  Teneriffe  can  be  seen  from 
a  distance  when  the  base  of  the  mountain  is  in- 
visible. 

The  sun  shines  on  the  simimits  of  the  Alps  long 
after  sunset  in  the  valleys. 

An  aeronaut  ascending  after  sunset  has  wit- 
nessed the  sun  reappear  with  all  the  efiects  of 
sunrise.  On  descending,  he  witnessed  a  second 
sunset 

58.  Blmensions  of  tbe  eartli. — Metbo4  of 
measoriiiff  a  deirree. — Having  thus  ascertain- 
ed that  the  form  of  the  earth  is  a  globe,  it  now 
remains  to  discover  its  magnitude,  or,  what  is 
the  same,  its  diameter. 

For  this  purpose  it  will  be  necessary  first  to  as- 
certain the  actual  length  of  a  degree  upon  its  sur- 
face, that  is,  the  distance  between  two  points  on 
the  surface,  so  placed  that  the  lines  drawn  from 
them  to  the  centre  shall  make  with  each  other  an 
angle  of  one  degree. 

Let  p  and  p\fig*  1 9,  represent  two  places  upon 
the  earth  *s  surface,  distant  from  each  other  finom 
60  to  100  mOes,  and  let  c  be  tlie  centre  of  the 
earth.  Now,  let  us  suppose  that  two  observers  at 
the  places  p  and  p'  observe  two  stars  «  and  ^^ 
which  at  the  same  time  are  vertically  over  the  two 
places,  and  to  which,  therefore,  plumb-lines  sus- 
pended at  the  two  places  would  be  directed.  The 
direction  of  these  plumb-lines,  if  continued  down- 
wards, would  intersect  at  c,  the  centre  of  the  earth. 
The  visual  angle  under  the  directions  of  these  stars  «  and  /  at  j>' 
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ie  $p  if,  and  at  0  is  «  c  a'.  But,  owing  to  the  insigmficant  propor- 
tion which  the  distances  p  f/  and  j)  0  bear  to  the  distances  of  the 
Stan,  the  yisoal  angle  of  the  stars,  whether  seen  from  p  or  c,  will 
be  tbe  same.  If^  then,  this  yisual  angle  at  //  be  measured,  as  it 
maj  be  with  the  greatest  precision,  we  may  consider  it  as  the  mag- 
mtade  of  the  angle  p  cp^. 

Let  the  actual  distance  D,  between  the  places  p  and  //,  be  mea- 
sured or  ascertained  by  the  process  of  surveying,  and  the  number 
of  seconds  in  the  observed  angle  $  p'  tfhe  expressed  by  a.  If  d 
express  the  distance  of  two  points  on  the  earth  which  would  buIh 
tend  at  the  centre  c  an  angle  of  1°,  we  shall  then  have — 

,  J  3600 

a  :  3600  ;:  D  :  rf  =  D  X  - — , 

•inoe  ihe  number  of  seconds  in  a  degree  is  3600. 

59.  &eiifftli  •f  a  decree. — In  this  way  it  has  been  ascertained 
tbat  itte  length  of  a  degree  of  the  earth's  surface  is  a  little  less 
than  70  British  statute  miles,  and  may  be  expressed  in  feet  (in 
louod  numbers)  by  365,000. 

It  will  therefore  be  easy  to  remember  that  the  length  of  a  degree 
is  as  many  thousand  feet  as  there  are  days  in  the  year. 

60.  Xienrtb  of  a  second  of  tlie  eartli. — To  find  tlie  earth's 
diaaaoter. — Since  a  second  is  the  3600th  part  of  a  degree,  it  follows 
also  that  the  length  of  a  second  is  a  hundred  feet  veiy  nearly,  a 
measure  also  easily  remembered 

Nothing  can  be  more  easy,  after  what  has  been  stated,  than  the 
solution  of  the  problem  to  determine  the  earth's  diameter.  If  r 
express  the  radius  or  semidiameter  of  the  earth  cp,  a  the  arc  p  pf 
of  the  earth's  surface  between  the  two  places,  jig,  1 9,  and  a  the 
angle  pcpi'fWe  shall  have 

If  the  distance  a  be  one  degree,  this  will  become 

r  =  ^1^^  X  206,265  =  20,912,979, 

or  very  nearly  twenty-one  million  feet,  which  is  equal  to  3960 
statute  miles.  So  that  the  diameter  of  the  earth  would  be  7920 
miles,  or  in  round  numbers  (for  we  are  not  here  pretending  to 
extfeme  arithmetical  precision)  about  8000  miles. 

The  process  of  observation  above  explained  is  not  in  its  details 
exactly  that  by  which  the  magnitude  of  the  earth  is  ascertained, 
but  it  is  in  spirit  and  principle  the  method  of  observation  and  cal- 
eulation.    It  would  not  be  easy  to  find,  for  example,  any  two 
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obseirable  stara  which  at  one  and  the  same  moment  would  be 
vertically  over  the  two  places  p  and  p^,  but  any  two  stars  nearly 
over  them  would  equally  answer  the  purpose  by  observing  the 
extent  of  their  departure  from  the  vertical  direction.  Neither  is  it 
necessary  that  the  two  observations  should  exactly  coincide  as  to 
time ;  but  these  details  do  not  affect  the  principle  of  the  method, 
though  they  require  some  consideration  to  make  them  clearly  in- 
telligible. 

6 1 .  Sapemolal  ineqiimlltlea  of  tlie  emrtb  ralattvelj  liudr' 
Biflcaat. — It  is  by  comparison  alone  that  we  can  acquire  any  clear 
or  definite  notions  of  distances  and  magnitudes  which  do  not  come 
under  the  immediate  cognizance  of  the  senses.  If  we  desire  to  ac- 
quire a  notion  of  a  vast  distance  over  which  we  cannot  pass,  we 
compare  it  with  one  with  which  we  have  immediate  and  actual 
acquaintance,  such  as  a  foot,  a  yard,  or  a  nule.  In  Astronomy, 
having  to  deal  with  magnitudes  exceeding  in  enormous  proportions 
those  of  all  objects,  even  the  most  stupendous,  which  are  so  ap- 
proachable as  to  afford  means  of  direct  sensible  observation,  we  are 
incessantly  obliged  to  have  recourse  to  such  comparisons  in  order 
to  give  some  degree  of  deamess  to  our  ideas,  siace  without  them 
our  knowledge  would  become  a  mere  assemblage  of  words,  num- 
bers, and  geometrical  diagrams. 

When  it  is  stated  that  the  earth  is  a  globe,  the  first  objection 
which  will  be  raised  by  the  uninformed  student  is  that  the  conti- 
nents, islands,  and  tracts  of  land  with  which  it  is  covered  are  marked 
by  considerable  inequalities  of  level  ^  that  mountains  rise  into  ridges 
and  peaks  of  vast  height;  that  the  seas  and  oceans*  though  level  at 
their  sur&ce  in  a  certain  general  sense,  are  agitated  by  great  waves, 
and  alternately  swelled  and  depressed  by  tides,  and  that  the  solid 
bottom  of  them  is  known  to  be  subject  to  inequalities  analogous  in 
character,  and  not  less  in  depth,  than  those  which  prevail  on  the 
land.  Since,  then,  it  is  the  characteristic  property  of  a  globe  that 
aU  points  on  its  surface  are  equally  distant  from  its  centre,  how,  it 
may  be  demanded,  can  a  mass  of  matter,  so  unequal  in  its  surface  as 
the  earth  is,  be  a  globe? 

It  may  be  conceded  at  once,  in  reply  to  this  objection,  that  the 
earth  is  not^  in  the  strict  geometric  sense  of  the  term,  a  globe. 
But  let  us  consider  the  extent  of  its  departure  from  the  globular 
form,  so  far  as  relates  to  the  superficial  inequalities  just  adverted  to. 

The  most  lofty  mountaiu  peaks  do  not  exceed  five  miles  in  height 
Few,  indeed,  approach  that  limit.  Most  of  the  considerable  moun- 
tainous districts  are  limited  to  less  than  half  that  height  No 
considerable  tract  of  land  has  a  general  elevation  even  of  one  mile. 
The  deepest  parts  of  the  sea  have  not  been  sounded;  but  it  is 
certam  that  their  depth  does  not  exceed  the  heights  of  the  most 
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lofty  moantams;  and  the  general  depth  is  incompaiablj  less.  The 
snpeificial  inequalities  of  the  aqueous  surface  produced  hj  wares 
aod  tides  are  oomparatiYelj  insignificant. 

Nowy  let  us  consider  how  these  several  superficial  inequalities 
would  be  represented,  observing  a  due  proportion  of  scale,  even  on 
the  most  stupendous  modeL 

Construct  a  globe  20  feet  in  diameter,  as  a  model  of  the  earth. 
Since  ao  feet  represents  8000  miles,  i -400th  port  of  a  foot,  or 
3-1 00th  parts  of  an  inch,  represents  a  mile.  The  height,  tiierefore, 
of  the  most  lofty  mountain  peak,  and  the  greatest  depth  of  the 
ocean,  would  be  represented  by  a  protuberance  or  a  hole  having  no 
greater  elevation  or  depth  than  15-iooths,  or  about  the  seventh 
part  of  an  inch.  The  general  elevation  of  a  continent  would  be 
fairly  represented  by  a  leaf  of  paper  pasted  upon  the  surface,  having 
the  thickness  of  less  than  the  fiftieth  of  an  inch ;  and  a  depression 
of  little  greater  amount  would  express  the  d^th  of  the  general  bed 
of  the  sea. 

It  will  therefore  be  apparent,  that  the  departure  of  such  a  model 
from  the  true  form  of  a  globe  wotdd  be  in  aU,  save  a  strictly  goo- 
metrical  sense,  absolutely  insignificant. 

62.  Selattre  dlnwmrtona  of  th6  atmoapbare. — The  surface 
of  the  earth  is  covered  by  an  ocean  of  air  which  floats  upon  it,  as 
the  waters  of  the  seas  rest  upon  their  solid  bed.  The  density  of 
this  fluid  is  greatest  in  the  stratum  which  is  in  immediate  contact 
with  the  surface  of  the  land  and  water  of  the  earth,  and  it  d>- 
minishee  in  a  very  rapid  ratio  in  ascending,  so  that  one  half  of  the 
entire  atmosphere  is  included  in  the  strata  whose  height  is  within 
31^  miles  of  the  surfEtce.  At  an  altitude  of  80  miles,  or  the  hun- 
dredth part  of  the  earth's  diameter,  the  rarefaction  must  be  so  ex- 
treme, that  neither  animal  life  nor  combustion  could  be  main- 
tained. 

The  atmosphere,  being  then  limited  to  such  a  height,  would  be 
represented  on  the  moddl  above  described  by  a  stratmn  two  inches 
and  a  half  thick. 

63.  Zf  tlie  tmrth  movody  bow  oovld  its  motton  h%  per- 
eatvAdf — Nothing  is  more  repugnant  to  the  first  impressions  re- 
ceived £pom  the  aspect  of  the  surface  of  the  earth,  and  all  upon  it, 
Uian  the  idea  that  it  is  in  motion.  But  if  this  universal  impression 
be  traced  to  its  origin,  and  rightly  interpreted,  it  will  not  be  found 
erroneous,  and  will  form  no  exception  to  the  general  maxim  which 
induces  all  persons,  not  even  excefyting  philosophers,  to  regard  with- 
out disrespect  notions  which  have  obtained  universal  popular  ac- 
ceptation. 

What  is  the  stability  and  repose  ascribed  by  the  popular  judg- 
ment to  the  earth  ?    Bepose  certainly  absolute,  so  fiar  as  regaida  all 
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objects  of  vulgar  or  popular  contemplation.  It  is  maintained,  and 
maintained  trnlj^  that  eyeiything  upon  the  earth,  bo  far  as  ihe 
agency  of  external  causes  is  concerned,  is  at  relatiye  rest.  Hilla, 
mountains,  and  yaUeys,  oceans,  seas,  and  riyers,  as  well  as  all  artificial 
structures,  are  in  relatiye  repose ;  and  if  our  obaeryation  did  not  ex- 
tend to  objects  exterior  to  the  globe,  the  popular  maxim  would  be 
indisputable.  But  the  astronomer  contemplates  objects  which 
either  escape  the  attention  of,  or  are  imperfectly  known  to  man- 
kind in  general ;  and  the  phenomiBna  which  attei^d  these  render  it 
'  manifest,  that  while  the  earth,  in  relation  to  aU  objects  upon  it  and 
forming  part  of  it,  is  at  rest,  it  isin  motion  with  relation  to  all  the 
other  bodies  of  the  uniyerse. 

The  motion  of  objects  external  to  the  obseryer  is  perceiyed  by 
the  sense  of  sight  only,  and  is  manifested  by  the  relatiye  displace- 
ment it  produces  among  the  objects  affected  by  it,  with  relation  to 
objects  around  them  which  are  not  in  motion,  and  with  relation  to 
each  other.  Motions  in  which  the  person  of  the  obseryer  partici- 
pates may  affect  the  senses  both  of  feeling  and  sight  The  feeling 
is  affected  by  the  agitation  to  which  the  body  of  the  obseryer  is  ex- 
posed. Thus,  in  a  carriage  which  starts  or  stops,  or  suddenly  in- 
creases or  slackfflis  its  speed,  the  matter  composing  the  person  of 
the  obseryer  has  a  tendency  to  retain  the  motion  which  it  had  pre- 
ylous  to  the  change,  and  is  accordingly  afiected  with  a  certain  force, 
as  if  it  were  pushed  or  drawn  from  rest  in  one  direction  or  the  other. 
But  once  in  a  state  of  uniform  motion,  ^e  sense  of  feeling  is  only 
affected  by  the  agitation  proceeding  from  the  inequalities  of  the 
road.-  If  these  inequalities  are  totidly  removed,  as  they  are  in  a 
boat  drawn  at  a  uniform  rate  on  a  canal,  the  sense  of  feeling  no 
longer  affords  any  evidence  what^ever  of  ^e  motion. 

A  remarkable  example  of  the  absence  of  all  consciousness  of 
motion,  so  far  as  mere  feeling  is  concerned,  is  presented  to  all  who 
have  ascended  in  a  balloon.  As  the  aerial  vehicle  floats  with  the 
stratum  of  the  air  in  which  it  is  suspended,  the  feeling  of  the 
aeronaut  is  that  of  the  most  absolute  repose.  The  balloon  seems 
as  fixed  and  immovable  as  the  s(did  globe  itself,  and  nothing  could 
produce  in  the  voyager,  blindfolded,  an^  consciousness  whatever  of 
motion.  When  however  his  eyes,  unbaildaged,  are  turned  down- 
wards, he  sees  the  vast  diorama  below  moving  under  him.  Fields 
and  woods,  villages  and  towns  pass  in  succession,  and  the  pheno- 
mena are  such  as  to  impress  on  the  eye,  and  through  the  eye  upon 
the  mind,  the  conviction  that  the  balloon  is  sta^onary,  and  the 
earth  moving  under  it  A  certain  effort  of  the  understanding, 
slight,  it  is  true,  but  still  an  effort,  is  required  to  arrive  at  the  in- 
ference that  the  impression  thus  produced  on  the  sense  of  vision  is 
an  illusion,  that  the  motion  with  which  the  landscape  seems  to  be 
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«&cted  is  one  which  in  reality  affects  the  balloon  in  which  the 
spectator  is  suspoided,  and  that  this  motion  is  equal  in  speed,  and 
contnzy  in  direction,  to  that  which  appears  to  affect  the  subjacent 
comttiy. 

Now  it  will  be  evident,  that  if  the  globe  of  the  earth,  and  all 
upon  it,  were  floating  in  space,  and  moving  in  anj  direction  at  anj 
milann  rate,  no  consciousness  of  such  motion  could  affect  any  sen- 
shiTe  heing  upon  it.  All  objects  partaking  in  common  in  such 
motion,  no  more  derangement  among  them  would  ensue  than 
among  the  persons  and  objects  transported  in  the  car  of  the  balloon, 
iHiere  the  aeronaut,  no  matter  what  be  the  speed  of  the  motion,  can 
fill  a  glass  to  the  brim  as  easily  as  if  he  were  upon  the  solid  ground. 
Supposing,  then,  that  the  earth  were  affected  by  any  motion  in 
which  all  objects  upon  it,  including  the  waters  of  the  ocean,  the 
afcrnosphere,  and  clouds,  would  all  participate,  would  the  ezii^»nce 
of  sodi  a  motion  be  perceived  by  a  spectator  placed  upon  the  earth 
who  would  himself  partake  of  it  ?  It  is  clear  that  he  must  remain 
for  ever  unconscious  of  it,  unless  he  could  find  within  the  range  of 
his  vision  some  objects  which,  not  partaking  of  the  motion,  would 
appear  to  have  a  motion  contrary  to  that  which  the  observer  has  in 
common  with  the  earth. 

But  such  objects  are  only  to  be  looked  for  in  the  regions  of  space 
beyond  the  limits  of  the  atmosphere.  We  find  them  in  the  sun,  the 
moon,  the  stars,  and  aU  the  objects  which  the  firmament  presents. 
Whatever  motion  the  earth  may  have  will  impart  to  all  these  dis- 
tant objects  the  appearance  of  a  motion  in  the  contrary  direction. 


CHAPTER  IV. 

BPHBROnOAL  FORM,  UASS,  AHD  DEHSTTT  OF  THE  KARTR. 

64.  gftie—  of  pbysloal  lirFestlffatioa  approzimatiTe. — 

It  is  tiie  condition  of  man,  and  probably  of  all  other  finite  intelli- 
geneee,  to  arrive  at  the  possession  of  knowledge  by  the  slow  and 
laborious  process  of  a  sort  of  system  of  trial  and  error.  The  first 
eondosions  to  which,  in  physical  enquiries,  observation  conducts  us, 
are  never  better  than  very  rough  approximations  to  the  truth. 
These  being  submitted  to  subsequent  comparison  with  the  originals, 
undergo  a  first  series  of  corrections,  the  more  prominent  and  ocm- 
spicuons  departures  from  conformity  being  removed.  A  second 
ipprozimation,  but  still  only  an  approximation,  is  thus  obtained ; 
and  another  and  still  more  severe  comparison  with  the  phenomena 
under  investigation  is  made,  and  another  order  of  corrections  is 
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effected,  and  a  doeer  approximation  obtained.  Nor  does  this  pro- 
gressiye  approach  to  perfect  exactitude  appear  to  haTe  any  limit 
The  best  results  of  our  intellectual  labours  are  still  only  dose 
resemblances  to  truth,  the  absolute  perfection  of  which  is  probably 
reserved  for  a  higher  intellectual  state. 

The  labours  of  the  physical  inquirer  resemble  those  of  the 
sculptor,  whose  first  efforts  produce  from  the  block  of  marble  a  rude 
and  uncouth  resemblance  of  the  human  form,  which  only  approaches 
the  grace  and  beauty  of  nature  by  comparing  it  incessantly  and 
indefntigably  with  the  original ;  detaching  from  it  first  the  grosser 
and  rougher  protuberances,  and  subsequently  reducing  its  parts  by 
the  nicer  and  more  delicate  touches  of  tiie  dusd  to  near  conformity 
with  the  model. 

It  would  however  be  a  great  mistake  to  depreciate  on  this  account 
the  results  of  our  first  efforts  in  the  acquisition  of  a  knowledge  of 
the  laws  of  nature.  If  the  first  conclusions  at  which  we  arrive  are 
erroneous,  they  are  not  therefore  the  less  necessaiy  to  the  ultimate 
attainment  of  more  exact  knowledge.  They  prove,  on  the  contrary, 
not  only  to  be  powerful  agents  in  ^e  discovery  of  those  corrections 
to  which  they  are  themsdves  to  be  submitted,  but  to  be  quite 
indispensable  to  our  progress  in  the  work  of  investigation  and  dis- 
covery. 

These  observatioils  will  be  illustrated  by  the  process  of  instruction 
and  discovery  in  every  department  of  physical  sdence,  but  in  none 
80  frequently  and  so  fordbly  as  in  that  which  now  occupies  us. 

65.  Vitnre  of  the  emHii  an  example  of  this. — The  first  con- 
dusions  at  which  we  have  arrived  respecting  the  form  of  the  earth 
is  that  it  is  a  globe ;  and  with  respect  to  its  motion  is,  that  it  is  in 
uniform  rotation  round  one  of  its  diameters,  making  one  complete 
revolution  in  twenty-foiur  hoius  sidereal  time,  or  23**  56"  4"09 
common  or  civil  time. 

66.  Olobolar  ikgure  inooiiipatlblo  witli  rotatton. — The  first 
question  then  which  presents  itself  is,  whether  this  form  and 
rotation  are  compatible  P  It  is  not  difi&cult  to  show,  by  the  most 
simple  principles  of  physics,  that  they  are  not ;  that  with  such  a 
form  such  a  rotation  coidd  not  be  maintained,  and  that  with  such  a 
rotation  such  a  form  could  hot  permanently  continue.  And  if  this 
can  be  certainly  established,  it  will  be  necessaiy  to  retrace  our 
steps,  to  submit  our  former  condusions  to  more  rigorous  comparison 
with  the  objects  and  phenomena  from  which  they  were  derived,  and 
ascertain  which  of  them  is  inexact,  and  what  is  the  modification 
and  correction  to  which  it  must  be  submitted  in  order  to  be  brought 
into  harmony  with  the  other. 

67.  Botatlon  oannoc  bo  motfUlod  —  snppoood  Ibrm  may. — 
The  condusion  that  the  earth  revolves  on  its  axis  with  a  motion 
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corresponding  to  the  apparent  rotation  of  tbe  firmament;  is  one  wHcli 
admits  of  no  modification,  and  must  from  its  nature  be  either  ab- 
•oktelj  admitted  or  absolutely  rejected.  The  globular  form  im- 
puted to  the  earth;  however,  has  been  inferred  for  observations  of  a 
general  nature,  unattended  by  any  conditions  of  exact  measurement, 
and  which  would  be  equally  compatible  with  innumerable  forms, 
departing  to  a  veiy  considerable  and  measurable  extent  from  that 
of  an  exact  geometrical  sphere  or  globe. 

68.  Miofw  rotAttoa  would  alleot  tlie  snperllelal  graTttj  on 
A  globe. — Let  K  a  s,  ^  20.,  represent  a  section  of  a  globe  sup- 
posed to  have  a  motion  of  rota- 
tion round  the  diameter  K  8  as 
an  axio.  Eveiy  point  on  its  sur- 
&ce,  such  as  p  or  p',  will  revolve 
in  a  circle,  the  centre  of  which 
octe  </  will  beupon  the  axis,  and 
the  radhiB  o  P  or  o'  "S^  will  gra- 
dually decrease  in  approaching 
the  pdea  K  and  8,  where  no  mo- 
tion takes  place,  and  will  gradu- 
ally increase  in  approaching  the 
equator  a  o  a,  where  the  cii«le  of  Fig!  so. 

rotation  will  be  the  equator  itselfl 

A  body  placed  at  any  part  of  the  surface,  such  as  p,  being  thus 
canied  lotrnd  in  a  dide,  will  be  affected  by  a  c^itrifugal  force, 
iJUb  intensity  of  which  "will  be  expressed  by  (M.  314) 

0=I'227XBXH»XW, 

▼here  B=  P  0,  the  radius  of  the  circle,  K  the  fraction  of  a  revo- 
lution made  in  one  second,  and  w  the  weight  of  the  body,  and  the 
direction  of  which  is  p  c. 

This  centrifugal  force  being  expressed  by  p  c  is  equivalent(M.  1 66), 
to  two  forces  expressed  in  intensity  and  direction  by  p  m  and  p  n. 
The  component  p  m  is  directly  opposed  to  the  weight  w  of  the  body, 
wbich  acta  in  the  line  p  0  directed  to  the  centre,  and  has  the  efiect 
of  diminishing  it.  The  component  p  n  being  directed  towards  the 
eqiuitor  Q,  has  a  tendency  to  cause  the  body  to  move  towards  the 
equator ;  and  the  body,  if  free,  would  necessarily  so  move. 

Now  it  will  be  evident,  by  the  mere  inspection  of  the  diagram, 
that  the  nearer  the  point  p  is  to  the  equator  %  the  more  directly 
will  the  centrifugal  force  P  c  be  opposed  to  the  weight,  and  con- 
Mquently  the  grefiter  will  be  that  component  of  it,  p  m,  which 
iriUhave  the  effect  of  diminishing  the  weight 

But  this  diminution  of  the  weight  is  further  augmented  by  the 
of  the  actual  intensity  of  the  centrifugal  foree  itself  in 
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approacliing  the  equator.  By  the  above  formula,  it  appears  tiiat 
the  intensitj  of  the  centrifugal  force  must  increase  in  proportion 
as  the  radius  B  or  p  o  increases.  Now  it  is  apparent  that  p  o 
increases  gradually  in  going  from  P  toQ^  since  P'  o'  is  greater,  and  a  o 
greater  still  than  P  o  \  and  that,  on  the  other  hand,  it  decreases  in 
going  from  p  to  N  or  s,  where  it  becomes  nothing. 

Thus  the  efiect  of  the  centrifugal  force  in  diminishing  weight 
being  nothing  at  the  pole  K  or  s,  gradually  increases  in  approaching 
the  equator  ]firgty  because  its  absolute  intensity  gradually  increases ; 
and  secondly,  because  it  is  more  and  more  directly  opposed  to  grayity 
until  we  arriTe  at  the  equator  itself,  where  its  intensity  is  greatest, 
and  where  it  is  directly  opposed  to  grayity. 

The  effects,  therefore,  produced  by  the  rotation  of  a  globe,  sach 
as  the  earth  has  been  assumed  to  be,  are  —  1st.  The  decrease  of 
the  weights  of  bodies  upon  its  suriace,  in  going  from  the  pole  to  the 
equator ;  and  2ndly,  A  tendency  of  all  such  bodies  as  are  free,  to 
moTe  from  higher  latitudes  in  either  hemisphere  towards  the 
equator. 

69.  Tbe  flffore  must  be  some  sort  ef  oblate  e^eroMU  — 
Now  the  effects  produced  by  centrifugal  force  caused  by  the  rota- 
tion of  the  earth,  would  be  fulfilled  if,  instead  of  being  an  exact 
sphere,  it  were  an  oblate  spheroid,  haying  a  certain  definite  ellipti- 
city, — that  is,  a  figure  which  would  be  produced  by  an  ellipse 
revolving  round  its  shorter  axis.  Such  a  figure  would  resemble  an 
orange  or  a  turnip.  It  would  be  more  convex  at  the  equator  than 
at  the  poles.  A  globe  composed  of  elastic  materials  would  be 
reduced  to  such  a  figure  by  pressing  its  poles  together  so  as  to 
flatten  more  or  less  the  suifjEice  of  these  points,  and  produce  a  pro- 
tuberance around  the  equator.  The 
meridians  of  such  a  globe  would  be 
ellipses,  having  its  axis  as  their  lesser 
axis,  and  the  diameters  of  the  equator 
as  their  greater  axes. 

The  form  of  the  meridian  would 
be  suchas  is  represented  in^.  21, 
ir  s  being  the  axis  of  rotation,  and 
**"  "*  jfi  a  the  equatorial  diameter. 

70.  Its  elllptloity  moat  depend  on  craTlty  and  eentiilUgal 
fbroe. — The  protuberance  around  the  equator  may  be  more  or  less, 
according  to  tiie  ellipticity  of  the  spheroid ;  but  since  the  distribu- 
tion of  land  and  water  is  indifferent  on  the  surface,  having  no 
prevalence  about  the  equator  rather  than  about  •  the  poles,  or  vice 
versd,  it  is  evident  that  the  degree  of  protuberance  must  be  that 
which  counteracts,  and  no  more  than  counteracts,  the  tendency  of 
the  fluids,  in  virtue  of  the  centrifugal  force,  to  flow  towards  the 
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eqiator.  This  protoberance  may  be  consideied  as  equivalent  in  its 
^cts  to  an  acdiyity  of  regulated  inclination,  rising  from  each 
pole  towards  the  equator.  To  arriye  at  the  equator  the  fluid  must 
ascend  this  acdiirily,  to  which  ascent  grayiiy  opposes  itself,  with  a 
ibrce  depending  cm  its  steepness,  which  increases  with  the  magni- 
tude <^  the  protuberance,  or,  what  is  the  same,  with  the  ellipti- 
Qtj  of  the  spheroid.  If  the  ellipticity  be  less  than  is  necessary  to 
counteract  the  effect  of  the  oentrifu^  force,  the  fluid  will  still 
flow  to  the  equator,  and  the  earth  would  consist,  as  before,  of  a 
great  equatorial  ocean  separating  two  yast  polar  continents,  tf  the 
^pticity  were  greater  than  is  necessary  to  counteract  the  effect  of 
the  centrifugal  force,  then  gravity  would  prevail  over  the  centri- 
hpl  force,  and  the  waters  would  flow  down  the  acclivities  of  th^ 
excessive  protuberance  towards  the  poles,  and  the  earth  would 
consist  of  a  vast  equatorial  continent  separating  two  polar  oceans. 

Since  the  geographitsal  condition  of  the  surface  of  the  earth  is 
not  ooQflistent  with  either  of  thescf  consequences,  it  is  evident 
that  its  figure  must  be  an  oblate  spheroid,  having  an  ellipticity 
exactly  corresponding  to  the  variation  of  gravity  upon  its  surface, 
dae  to  the  combined  effect  of  the  attraction  exerted  by  its  consti- 
tuent parts  upon  bodies  placed  on  its  suifSace,  and  the  centrifugal 
fiffce  arising  from  its  diumal  rbtation. 

It  remains,  therefore,  to  deterinine  what  this  particular  degree  of 
eOipticity  is,  or,  what  is  the  same,  to  determine  by  what  fractioii 
of  its  whole  length  the  equatorial  diameter  3t^  exceeds  the  polar 
axisH& 

71.  xmytleltF  ittay  b«  eaUrtilated  and  iiietesiired«  and  th4 
results  •onpared.  — The  degree  of  ellipticity  of  the  terrestrial 
qiheroid  may  be  found  by  theory,  or  ascertained  by  observation 
tad  measurement,  or  by  both  these  methods,  in  which  case  the  ac- 
oordanoe  or  discrepancy  of  the  results  will  either  prove  the  validity 
of  the  reasoning  on  which  the  theoretical  calculation  is  founded,  or 
indicate  the  conditions  or  data  in  such  reasoning  which  must  be 
modified. 

Both  these  methods  hav^  accordingly  been  adopted,  and  their 
results  are  found  to  be  in  complete  harmony. 

72.  WOMpOoity  eaUmlated*  —  The  several  quantities  which  are 
involved  in  this  problem  are :  — 

1 .  The  time  of  rotation  »  b  . 

2.  The  'fraction  of  its  whole  length  by  which  the  equatorial 

exceeds  the  polar  diameter=  e, 

3.  The  fraction  of  its  whole  weight  by  which  the  weight  of  a 

body  at  the  pole  exceeds  the  weight  of  the  same  body  at 
the  equator  =  to. 

4.  The  mean  density  of  the  earth. 
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5.  The  law  according  to  which  the  density  of  the  stoita  Taiies 
in  proceeding  from  the  8UifiEu:e  to  the  centre. 

All  these  quantities  have  such  a  mutual  dependence,  that  when 
some  of  them  are  giyen  or  known,  the  others  may  be  found. 

In  whatever  way  the  solution  of  the  problem  may  be  approached, 
it  is  evident  that  tiiie  form  of  the  spheroid  must  be  the  same  as  it 
would  be  if  the  entire  mass  of  the  earth  were  fluid.  If  this  were 
not  so,  the  parts  actually  fluid  would  not  be  found,  as  they  are 
always,  in  local  equilibrium.  The  state  of  relative  density  c^  the 
strata  proceeding  from  the  surface  to  the  centre  is,  however,  not  so 
evident  Newton  investigated  the  question  by  ascertaining  the 
form  which  the  earth  would  assume  if  it  consisted  of  fluid  matter 
of  uniform  density  from  the  surface  to  the  centre ;  and  the  reeolt  of 
his  analysis  was  ^at,  in  that  case,  assuming  the  time  of  rotation  to 
be  what  it  is,  the  equatorial  diameter  must  exceed  the  polar  by  the 
230th  part  of  its  whole  length,  tflid  gravity  at  the  pole  must  exceed 
gravity  at  the  equator  by  the  same  fraction  of  its  entire  force. 

As  physical  science  progressed,  and  mathematical  analysis  was 
brought  to  a  greater  state  of  perfection,  the  same  problem  was 
investigated  by  Clairaidt  and  several  other  mathematicians,  under 
more  rigorous  conditions.  The  uniform  density  of  the  constitaeuts 
of  the  earth — a  highly  improbable  supposition — was  put  aside, 
and  it  was  assumed  that  the  successive  strata  from  the  centre  to 
the  suifru^  increased  in  density  according  to  some  undetermined 
conditions.  It  was  assumed  that  the  mutual  attraction  of  all  the 
constituent  parts  upon  any  one  part,  and  the  effect  of  the  centri- 
fugal force  arising  from  the  rotation,  are  in  equilibrium ;  so  that 
every  particle  composing  the  spheroid,  from  its  centre  to  its  surface, 
is  in  repose,  and  would  remain  so  were  it  free  to  move. 

By  a  complicated  and  very  abstruse,  but  perfectly  dear  and  cer- 
tain mathematical  analysis,  it  has  been  proved  that  the  quantities 
above  mentioned  have  tJie  following  relation.  Let  r  express  a  cei^ 
tain  number,  the  amount  of  which  will  vary  with  B.  We  shall 
then  have 

Now  it  has  been  shown  that  when  B=?3^  56"  4**09,  the  number 
r  will  be  .^,  so  that  in  effect 

*  +  «'=Trs- 

This  result  was  ^hown  to  be  true,  whatever  may  be  the  law  ac- 
cording to  which  the  density  of  the  strata  varies. 

It  fiirther  results  fix)m  these  theoretical  reseiux^hes  that  the  mean 
density  of  the  entire  terrestrial  spheroid  is  about  twice  the  mean 
density  of  its  superficial  crust 
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It  follows  from  this  that  the  density  of  its  central  parts  must 
greathr  exceed  twice  the  density  of  its  crust 

It  remains,  therefore,  to  see  how  far  these  results  of  theory 
axe  in  accordance  with  those  of  actual  observation  and  measure- 
ment. 

73.  BUlptleltj  of  terrestrtal  apberoid  by  obaervatton  and 
wa— m  uaiDuu — If  a  terrestrial  meridian  were  an  exact  circle;  as 
it  would  neceesaiily  be  if  the  earth  were  an  exact  giobe,  eyeiy  part 
of  it  would  have  the  same  curvature.  But  if  it  were  an  ellipse^  of 
which  the  polar  diameter  is  the  lesser  axis,  it  would  have  a  yaiy- 
ing  durature,  the  conyexity  being  greatest  at  the  equator,  and 
loMt  at  the  poles.  I^  then,  it  can  be  ascertained  by  observation, 
that  the  curvature  of  a  meridian  is  not  uniform,  but  that  on  the 
eo/atnurj  it  increases  in  going  towards  the  line,  and  diminishes  in 
going  towards  the  poles,  we  shall  obtain  a  proof  that  its  form  is 
that  of  an  oblate  spheroid. 

To  comprehend  the  method  of  sscertaining  tiiis,  it  must  be  con- 
ndered  that  the  curvature  of  drdes  diminishes  as  their  diameters 
are  aogmrated.  It  is  evident  that  a  circle  of  one  foot  in  diameter 
has  a  less  degree  of  curvature,  and  is  lees  conyex  than  a  circle  one 
inch  in  diameter.  But  an  arc  of  a  circle  of  a  giyen  angular  magni- 
tude, such  for  example  as  i'',  has  a  length  proportional  to  the  dia- 
meter. Thus,  an  arc  of  i''  of  a  circle  a  foot  in  diameter,  is  twelve 
times  ^e  length  of  an  arc  of  1°  of  a  circle  an  inch  in  diameter. 
The  curvature,  therefore,  increases  as  the  length  of  an  arc  of  i®  di- 
minishes. 

I^  tiierefore,  a  degree  of  the  meridian  be  observed,  and  measured, 
by  the  process  already  explained  (58),  at  different  latitudes,  and  it 
is  found  that  its  length  is  not  uniformly  the  same  as  it  would  be  if 
the  meridian  were  a  circle,  but  that  it  is  less  in  approaching  the 
equator,  and  greater  in  i^pproaching  the  pole,  it  will  follow  that  the 
oonyexity  or  curvature  increases  towards  the  equator,  and  dimi- 
nishes towards  the  poles ;  and  that  consequently  the  meridian  has 
the  form,  not  of  a  circle,  but  of  an  ellipse,  the  lesser  axis  of  which  is 
the  polar  diameter. 

Such  observations  haye  accordingly  been  made,  and  the  lengths 
of  a  degree  in  various  latitudes,  from  the  Line  to  66^  N.  and  to  35® 
8.,  have  been  measured,  and  found  to  vary  from  363,000  feet  on 
the  Line  to  367,000  feet  at  lat  66^ 

From  a  comparison  of  such  measurements,  it  has  been  ascertained 
that  the  equatorial  diameter  of  the  spheroid  exceeds  the  polar  by 
fijf  of  its  length.    Thus  (72) 
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74.  VaitettoB  of  fimTtty  by  observation. — The  manner  in 
which  the  yariation  of  the  intensity  of  superficial  grayity  at 
different  latitudes  is  ascertained  hy  means  of  the  pendulum,  has 
been  explained  in  M.  505.  From  a  compariscm  of  these  observa- 
tions it  has  been  inferred  that  the  effective  weight  of  a  body  at  the 
pole  exceeds  its  weight  at  the  equator  by  about  the  yir^  *  V^'^  ^ 
the  whole  weight 

75.  JLooordaaoo  of  tlioso  results  wttb  ttMorj.— By  compare 
ing  these  results  with  those  obtained  by  Newton,  on  the  suppo6i«> 
tion  of  the  uniform  density  of  the  earth,  a  discrepancy  will  be 
found  sufficient  to  prove  the  falsehood  of  that  supposition.  The 
value  of  e  found  by  Newton  is  ^^,  its  actual  value  being  -y^  and 
that  of  w  ^\jff  its  actual  value  being  t^. 

On  the  other  hand,  the  accordance  of  these  results  of  observation 
and  measurement  with  the  more  rigt^ous  conclusions  of  later 
researches  is  complete  and  striking;  for  instance,  if  in  the  relation 
between  e  and  to,  explained  in  (72),  we  substitute  for  to  the  value 
y^,  determined  by  observation,  we  find  the  result  as  the  value  for 
6,  which  is  obtained  by  computation  founded  on  measurement,  to  be 

76.  Aotoal  linear  dlmeasioBs  of  tlio  terrestrial  splierold. — 

It  is  not  enough  to  know  the  proportions  of  the  earth.  It  is  re- 
quired to  determine  the  actual  dimensions  of  the  spheroid.  The 
following  are  the  lengths  of  the  polar  and  equatorial  diameters^ 
according  to  the  computatiolis  of  the  most  eminent  and  recent 
authorities :  — 


BcmL 

Alfy. 

Polar  dUmcter    .... 
Equatorial  dUmeter      ... 
AbMlute  diflar«nce        ... 
Exceu  or  the  equatorial  expretted  In  > 
a  fraction  of  iu  entire  length         -  j 

Mlk*. 
7899"4 

a6\490 

MOn. 

7899i70 

I 

199-191 

*WJJo 

The  dose  coincidence  of  these  results  supplies  a  striking  example 
of  the  predsion  to  which  such  calculations  have  been  brought 

The  departure  of  the  terrestrial  spheroid  from  the  form  of  an  ex- 
act globe  is  so  inconsiderable  that,  if  an  exact  model  of  it  turned 
in  ivory  were  placed  before  us,  we  could  not,  either  by  sight  or 
touch,  distinguish  it  finom  a  perfect  billiard  balL  A  figure  of  a 
meridian  accurately  drawn  on  paper  could  only  be  distinguished 


*  Differeot  values  are  atngned  to  thii  —  Sir  John  Herschel  prefers  ^, 
the  AstroDomer  Boyal  ,J^    We  have  taken  a  mean  between  these  estimates. 
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from  a  dide  by  the  most  precise  meafloiement  If  the  major  axis 
of  such  an  ellipse  were  equal  in  length  to  the  page  now  under  the 
eje  of  the  reader,  the  lesser  axis  would  ficdl  short  of  the  same  length 
less  than  the  fortieth  of  an  inch. 

77.  IMmensloiia  of  tbm  aplieroidml  equatorial  eatceaa.  —  If 
a  sphere  sqsqhe  imagined  to  be  inscribed  within  the  terrestrial 
spheroid  haying  the  polar  axis  K  s,Jlff.  22.^  for  its  diameter,  a  sphe- 
roidaL   ahell  idll  be  included 

between  its  sur&ce  and  that  of 

the  spheroid  composed  of  the 

protuberant  matter,  having  a 

thif^hneiw  a  9  of  26  miles  at  the 

equator,  and  becoming  gradu- 

aUj  thhmer  in  proceeding  to 

the  poles,  where  its  thickness 

Taniahefl.     This  shell,  which 

constitutes  the  equatorial  ex-  Fig.  zi. 

ceas  of  the  spheroid,  and  which 

has  a  density  not  more  than  half  the  mean  density  of  the  earth,  the 

bulk  of  which,  moreorer,  would  be  imperceptible  upon  a  mere 

iupection  of  the  spheroid,   is  neverth^ess  attended  with  most 

important  effects,  and  by  its  gravitation   is  the  origin  of  most 

striking  phenomena  not  only  in  relation  to  the  moon,  but  also  to 

the  far  more  distant  mass  of  the  sun. 

78.  Beaalty  and  maaa  of  the  eexVi  by  obaorratloii. — The 
magnitude  of  the  earth  being  known  with  great  precision,  the  de- 
termination of  its  mass  and  that  of  its  mean  density  become  one  and 
the  same  problem,  since  the  comparison  of  its  mass  with  its  magni- 
tude wiU  give  its  mean  density,  and  the  comparison  of  its  mean 
density  with  its  magnitude  will  give  its  mass. 

The  methods  of  ascertaining  the  mass  or  actual  quantity  of 
matter  contaiaed  in  the  earth  are  all  based  upon  a  comparison  of 
the  gravitating  force  or  attraction  which  the  earth  exerts  upon  an 
object  with  the  attraction  which  some  other  body,  whose  mass  is 
eouetly  known,  exerts  on  the  same  object  It  is  assumed,  as  a 
postulate  or  axiom  in  physics,  that  two  masses  of  matter  which  at 
equal  distances  exert  equal  attractions  on  the  same  body  must  be 
equaL  But  as  it  is  not  always  possible  to  bring  the  attracting 
and  attracted  bodies  to  equal  distances,  their  attractions  at  unequal 
distances  may  be  observed,  and  the  attractions  which  they  would 
exert  at  equal  distances  may  be  thence  inferred  by  the  general  law 
ci  gravitation,  by  which  the  attraction  exerted  by  the  same  body 
increases  as  the  square  of  the  distance  from  it  is  diminished. 

79.  »r«  Maakoljno'a  soltton  by  the  attra^tton  of  ScholMa- 
t. — This  celebrated  problem  consisted  in  daten«ining  the  ratio 
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of  the  mean  denaty  of  a  mountain  called  Scheliallien^  in  Ferthshizey 
to  that  of  the  earth,  by  ascertaining  the  amount  of  the  deyiatioii  of 
a  plumb-line  fiom  the  direction  of  the  tame  yertical  produced  hy 
the  local  attraction  of  the  mountain. 
To  lender  this  method  practicable^  it  is  neceeaaij  that  the  moun- 


.^-^r" 
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tain  selected  be  a  solitaxy  one,  standing  on  an  ezt^inTe  plain,  since 
otherwise  the  deviation  of  the  plumb-line  would  be  afiected  bj 
neighbouring  eminences  to  an  extent  which  it  might  not  be  possible 
to  estimate  with  the  necessaiy  precision.  It  was  considered  by 
Dr.  Maskeljne  that  no  eminence  sufficientij  considerable  exists 
near  enough  to  Schehallien  to  produce  such  disturbance. 

The  accuracy  of  this  inference  is  however  rather  doubtfuL  Mr. 
Airy,  who  has  personally  examined  the  mountain,  says:  ''The 
mountain  is  nearly  surrounded  by  other  mountuns,  of  which  one  is 
much  higher  than  itself;  the  geology  also  of  the  country  is  compli- 
cated." The  exact  disturbance  due  to  the  attraction  of  the  moun- 
tain would  for  these  reasons  be  extremely  difficult  to  discover. 
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Tlie  mountam  ranging  east  and  west,  two  staidona  were  selected 
oa  ita  northern  and  southern  accliyities^  so  as  to  be  in  the  same 
mmiian,  or  veiy  nearly  so.  A  plumb-line,  attached  to  an  instrument 
called  a  zenith  sector,  adapted  to  measure  with  extreme  accuracy 
small  zeni&  distances,  was  brought  to  each  of  these  stations,  and 
the  distance  of  the  same  star,  seen  upon  the  meridian  firom  the 
directions  of  the  plumb-line,  were  observed  at  both  places. 

The  difference  between  those  distances  g^ve  the  angle  under  the 
two  direddons  of  the  plumb-line.  This  will  be  more  clearly  under- 
stood by  reference  to^.  %3,  where  p  and  p'  represent  the  points 
of  suspension  of  the  two  plumb-lines.  If  the  mountain  were  re- 
mored,  they  would  hang  in  the  directions  p  c  and  p^  c  of  the  earth's 
centre,  and  their  directions  would  be  inclined  at  the  angle  p  c  p^ 
Bat  the  attraction  exerted  by  the  inteijacent  mass  produces  on 
each  dde  a  slight  deflection  towards  the  mountain,  so  that  the  two 
directions  of  the  plumb-line,  instead  of  converging  to  the  centre  of 
the  earth  c,  converge  to  a  point  c  nearer  to  the  surface,  and  form 
with  each  other  an  angle  pcp^  greater  than  pcp^bythesum  of 
^  two  deflections  o  Pc  and  c  p'  c. 

Now  by  means  of  the  zenith  sector  the  distances  sz  and  sz^  of 
the  points  z  and  if  from  any  star  such  as  s,  can  be  observed  with 
a  precision  so  extreme  as  not  to  be  subject  to  a  greater  error  than 
a  small  fraction  of  a  second.  The  diflerence  of  these  distances 
willbe  — 

sz'  — SZxsZZ', 

the  apparent  distance  between  the  two  points  z  and  zf  on  the 
heavens  to  which  the  plimib-line  points  at  the  two  stations.  This 
distance  expressed  in  seconds  gives  the  magnitude  of  the  angle 
Pep'  formed  by  the  directions  of  the  plimib-lhie  at  the  two  stations, 
which  is  the  sum  of  the  deflection  pioduced  by  the  local  attraction 
ciihe  mountain. 

If  the  mountain  were  not  present,  the  angle  Pop'  could  be 
aacertained  by  the  zenith  sector;  but  as  the  indications  of  that 
instrument  have  reference  to  the  direction  of  the  plimib-line,  it  is 
rendered  inapplicaUe  in  consequence  of  the  disturbing  efiect  of  the 
znoontain. 

To  determine  the  magnitude  of  the  angle  Pop',  therefore,  the 
direct  distance  between  the  stations  p  and  p'  is  ascertained  by 
miking  a  survey  of  the  mountain  which,  as  will  presently  appear, 
is  also  necessary,  in  order  to  determine  its  exact  volume.  For 
every  hundred  feet  in  the  distance  between  p  and  p'  there  will  be 
I''  in  the  angle  pop'  (6o).  Finding,  therefore,  the  direct  distance 
between  p  and  p'  in  feet,  and  divic^g  it  by  lOO;  we  shall  have 
the  angle  p  cp'  in  seconds. 
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In  the  case  of  the  experiment  of  Dr.  Maakelyne,  wliich  was  made 
in  1774,  the  angle  pcp'was  found  to  be  41",  and  the  angle 
p  c  P'  53".    The  sum  of  the  two  deflections  was  therefore  1 2," . 

The  survey  of  the  mountain  supplied  the  data  neceasaiy  to  de- 
termine its  actual  volume  in  cubic  miles,  or  fraction  of  a  cubic  mile. 
An  elaborate  examination  of  its  stratification,  by  means  of  sections, 


'/ 


Fig.  14. 


borings,  and  the  otiier  usual  methods,  supplied  the  data  necessary 
to  determine  the  weights  of  its  component  parts,  and  thence  the 
weight  of  its  entire  volume:  and  the  comparison  of  this  weight 
with  its  volume  gave  its  mean  density. 
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The  mean  density  of  the  earUi  lesultiiig  from  this  experiment  is 
•boot  &ve  timee  that  of  water. 

8a  Oftvaiidlflli's  «olvtloii. — At  a  later  period  Cayendish  made 
the  experiment  which  bears  liis  name^  in  which  the  attraction 
exerted  by  the  earth  upon  a  body  on  its  surface  was  compared  with 
the  attraction  exerted  by  a  large  metallic  ball  on  the  same  body ; 
and  this  experiment  was  repeated  still  more  recently  by  Dr.  Reich, 
tod  by  the  late  Mr.  iPrands  Baily,  as  the  actiye  member  of  a  com- 
mittee of  the  Royal  Astronomical  Society  of  London.  All  these 
aereral  experimenters  proceeded  by  methods  which  differed  only  in 
some  of  their  practical  details,  and  in  the  conditions  and  precautions 
adopted  to  obtain  more  accurate  results. 

In  the  apparatus  used  by  Mr.  Baily,  the  latest  of  them,  the 
iitncting  bodies  with  whidi  the  globe  of  the  earth  was  compared 
were  two  balls  of  lead,  each  a  foot  in  diameter.  The  bodies  upon 
which  their  attraction  was  manifested  were  small  balls,  about  two 
inches  in  diameter.  The  former  were  supported  on  the  ends  of  an 
ob&oog  horizontal  stage,  ci4>able  of  being  turned  round  a  vertical 
axis  supporting  the  stage  at  a  point  midway  between  them.  Let 
fy,  24  represent  a  plan  of  the  apparatus.  The  large  metallic  balls 
B  and  b'  are  supported  upon  a  rectangular  stage  represented  by  the 
dotted  lines,  and  so  mounted  as  to  be  capable  of  being  turned  lound 
its  centre  0  in  its  own  plane.  Two  small  balls  a  of,  about  two 
indies  in  diameter,  are  attached  to  the  ends  of  a  rod,  so  that  the 
distance  between  their  centres  shall  be  nearly  equal  to  B  B^.  This 
rod  is  supported  at  c  by  two  fine  wires  at  a  very  small  distance 
asander,  so  that  the  balls  will  be  in  repose  when  the  rod  a  o^  is  di- 
rected in  the  plane  of  the  wires,  and  can  only  be  turned  fipom  that  plane 
by  the  action  of  a  nnail  and  definite  force,  the  intenaily  of  which  can 
always  be  ascertained  by  the  angle  of  deflection  of  the  rod  a  of.  The 
exact  direction  of  the  rod  a  a'  is  obseryed,  without  approaching  the 
apparatus,  by  means  of  two  small  telescopes  land  if,  and  the  extent  of 
ito  departoie  from  its  position  of  equilibrium  may  be  measured  with 
great  precision  by  micrometers. 

In  the  performance  of  the  experiment  a  multitude  of  precautions 
were  taken  to  romove  or  obviate  various  causes  of  disturbance,  Auch 
as  currents  of  air,  which  might  arise  from  unequal  changes  of  tem- 
perature which  need  not  be  described  here. 

The  large  balls  being  first  placed  at  a  distance  from  the  small 
ones,  the  direction  of  the  rod  in  its  position  of  equilibrium  was 
tibeerved  with  the  telescopes  tt'.  The  stage  supporting  the  large 
bills  was  then  turned  until  they  were  brought  near  the  small  ones, 
•B  represented  at  bb^.  It  was  then  observed  that  the  small  balls 
were  attracted  by  the  large  ones,  and  the  amount  of  the  deflection 
of  the  rod  a  cf  was  observed. 
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The  firame  supportmg  the  large  ballB  wfts  then  turned  until  ; 
was  brought  to  b,  and  b'  to  y,  so  as  to  attract  the  small  balls  on  th 
other  side;  and  the  deflection  of  a  a'  was  again  observed.  In  eacJ 
case  the  amount  of  the  deflection  being  exactly  ascertained,  th( 
intensity  of  the  deflecting  force,  and  its  ratio  to  the  weight  of  th< 
balls;  became  known. 

The  properties  of  the  pendulum  supplied  a  very  simple  and  ezaci 
means  of  comparing  the  attraction  of  the  balls  b  and  b'  with  th« 
attraction  of  the  earth.  The  balls  a  of  were  made  to  vibrate  througii 
a  small  arc  on  each  side  of  the  position  which  the  attraction  gave 
them,  and  the  rate  of  their  vibration  was  observed  and  compared 
with  the  rate  of  vibration  of  a  conmion  pendulum.  The  relative 
intensity  of  the  two  attractions  was  computed  from,  a  comparlaon 
of  these  rates  by  the  principles  established  in  (M.  505).  The  pre- 
cision of  which  this  process  of  observation  is  susceptible  may  be 
inferred  from  the  fact  that  the  whole  attraction  of  the  balls  b  b" 
upon  a  (f  did  not  amount  to  the  20-millionth  part  of  the  weight  of 
the  balls  a  a',  and  that  the  possible  error  of  the  result  did  not  exceed 
2  per  cent  of  its  whole  amount. 

The  attraction  which  the  balls  b  b'  would  exert  on  a  of,  on  the 
supposition  that  the  mean  density  of  the  earth  is  equal  to  that  of 
the  metallic  balls  b  b',  wba  then  computed  and  found  to  be  less  than 
the  actual  attraction  observed^  and  it  was  inferred  that  the  density 
of  the  earth  was  less  than  that  of  the  balls  B  b'  in  the  same  ratio. 

The  result  of  tMs  experiment  as  determined  by  Mr.  Baily  gave 
the  mean  density  of  the  earth  5*67  times  greater  than  that  of 
water. 

The  apparatus  for  determining  by  immediate  observation  the 
mean  dendty  of  the  earth,  will  be  more  easily  understood  by  refer- 
ence to  Jiffs.  25,  26,  and  zy,  assisted  by  the  following  explaiiation. 

In  Jig,  25,  the  two  great  baUs  w  w  are  presented  obliquely  and 
foreshortened,  their  true  position  being  represented  in  the  groimd 
plon^.  26.  The  small  baUs  a  of  Jiff,  24  correspond  with  a:  xjig.  2  5, 
and  the  rod  connecting  them  with  h  h.  The  two  small  leaden 
baUs  :r  ;r  are  suspended  to  the  extremities  of  the  horizontal 
rod  A  hy  supported  at  its  middle  point  by  a  vertical  metallic 
wire  Iff  m.  The  two  wires  ^  A  are  arranged,  connecting  the  ex- 
tremities of  A  A  with  the  point  ffy  to  prevent  the  flexure  of  the 
rod  A  A  by  the  weight  of  the  balls  x  x.  The  suspending  wire 
Ifftn,  the  oblique  vdres  g  hy  the  rod  A  A,  and  tiie  baUs  xx 
are  enclosed  in  a  lightly  constructed  case,  A  B  c  D  £  f,  to  prevent  ths 
least  efifect  of  the  agitation  of  the  surrounding  air.  This  box  is 
sustained  by  four  vertical  supports,  two  of  which  are  represented 
in  8.  The  two  great  balls  .w  w  are  suspended  by  two  vertical  rods 
connected  above  by  the  piece  r  p  r,  which  is  terminated  at  p  by  the 
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rod  p  Pf  which  traverses  a  fixed  beam.  A  pulley  k  K  is  fixed  upon 
the  rod  P  p,  by  which  the  whole  apparatus  supporting  the  balls  w  w 
can  be  turned  round  the  vertical  axis. 

Liet  US  now  suppose  the  balls  w  w  to  be  placed  in  the  vertical 
plane  at  right  angles  to  the  rod  h  A.  In  that  position,  their  attrac- 
tiona  upon  the  balls  or  x,  being  equal  and  contrary^  will  equilibrate. 


and  the  balls  x  x  will  remain  undisturbed.  If  we  bring  the  two 
large  balls  w  w  into  the  position  represented  in^.  26.,  they  will 
attract  the  small  balls  or  ;r;  and  will  make  the  lever  A  h  turn  upon 
its  vertical  axis,  in  consequence  of  which,  a  slight  degree  of  torsion 
wfll  be  given  to  the  wire  /  g^  which  torsion  will  balance  the  efiect  of 
the  attraction  of  the  balls  w  w.  If  the  balls  w  w  are  turned  to  the 
position  w  w  indicated  by  the  dotted  lines,  the  small  balls  x  x  will 
be  again  attracted,  but  in  contrary  directions,  and  with  equal  forces. 
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It  is  evident  tiwt  the  total  angle  of  toadon  thzougli  which  the 
wire^  /  will  be  turned  bj  the  lod  A  A  ia  the  two  caaes,  will  repre- 


Flg.26w 


sent  twice  the  attractive  force  of  the  balls  in  this  case,  so  that  half 
the  angle  of  toision  will  express  the  actual  attraction  of  the  great 
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balls  in  each  of  the  two  positions.  By  comparing  the  force  of  at- 
traction with  the  actual  weight  of  the  small  balla  jr^  taking  account 
of  the  ratio  between  the  distanpes  of  the  centres  of  the  small  and 
great  balls  and  the  radius  of  the  earth,  we  have  all  the  data  neces- 
saiy  to  compare  the  attraction  of  the  whole  maas  of  the  earth  upon 
the  small  balls,  with  the  attraction  of  the  mass  w  upon  them. 

The  actual  value  of  force  exerted  by  the  torsion  of  the  wire  /  ^  is 
determined  by  turning  the  balls  x  x  from  their  position  of  equili- 
brium, and  allowing  them  to  vibrate  to  the  right  and  left  alter- 
nately of  the  position  of  equilibrium.  The  time  of  vibration  will 
in  that  case  determine  the  force  of  torsion,  upon  the  same  principle 
as  the  time  of  vibration  of  a  common  pendulum  determines  the 
force  of  gravity. 

The  manner  inll^^fih  Cavendish  disposed  his  apparatus  in  an  in- 
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doMd  dumber,  so  as  to  zsmcEve  it  ficom  all  disturbing  causes  ansing 
6oat  ibB  agitation  of  the  suimunding  air,  is  represented  in  Jig.  27. 
He  deriadon  oi  tiie  layer  h  hy  whether  produced  by  the  attraction  of  - 
the  great  balla  or  by  the  oscillation  of  the  small  one%  on  either  side 
of  the  poflitaon  of  equilibiiom,  irae  obeerFed  by  the  two  tdiescopes 
T 1  directed  towards  the  extremities  of  the  ley^  h  h.  Two  small 
divided  rules  f»  n  were  adapted  to  the  extremities  of  the  lever  A  h, 
iod  moved  with  it  behind  two  small  openings  through  which  they 
were  viaihle  by  the  telescopes  i  T.  The  lamps  L  x  projected  light 
hy  reflectoxB  upon  these  two  small  ndes  n  fu  A  horizontal  rod^ 
terminated  by  a  button  i^  communicated  by  its  inner  extremity 
with  the  anpport  of  the  vertieal  wire  /^  by  making  the  button  x 
turn  this  support  round  ita  vertical  axia  Li  this  way,  the  rod  A  A 
wouU.  always  be  adjusted  to  the  position  which  it  ought  to  have, 
whea.  the  vertical  wire  /  ff  suffered  no  torsion.  Finally,  a  cord 
panned  through  the  groove  of  a  pulley  x  H,  fig,  25.  fixed  horizon- 
tally above  ike  piece  v  r.  The  two  cords  proceeding  &om  this 
ianied  fbom  the  chamber  by  two  lateral  openings,  passed  each  other 
in  the  groove  of  a  vertical  pulley  y,  and  supported  weights  destined 
to  give  them  the  necessary  tension.  It  was  sufficient  to  draw  one 
of  these  two  corda  to  turn  the  pulley  m  k,  drawing  with  it  the  two 
large  balls  w  w,  so  as  to  plaoe  these  two  balls  in  any  desired  posi- 
tion  with  relation  to  the  apparatus. 

81.  VMm  Bavtea  peiWIwinm  eaipertmeate. — The  last  determi- 
nation of  the  mean  density  of  the  earth  which  it  is  necessary  to 
mmtion,  ia  that  resulting  from  the  experiments  undertaken  by  the 
Astronomer  Royal,  Mr;  Airy,  at  the  Harton  Colliery,  near  South 
Shielda,  in  the  month  of  October,  1854.  ^  would  be  out  of  place 
hoe,  however^  to  give  a  lengthened  detail  of  the  various  methods 
adopted  in  canying  out  this  important  experiment^  a  general  and 
concise  outline  only  must  therefore  suffice. 

The  observationa  atthe  mine  consisted  of  accurately  noting  Gomul- 
tneously  at  two  stations,  the  vibrations  of  an  invariable  pendulum 
in  oompezison  with  the  vibrations  of  a  clock  pendulum  placed  im- 
mediately behind,  one  station  being  on  the  surface  in  a  building 
pespaxed  for  the  occasion,  and  the  other  almost  vertically  below,  at 
a  depth  of  about  1 260  feet^  the  object  being  to  ascertain  the  diffisr- 
€Qce  of  the  force  of  gravity  acting  on  the  two  detached  pendulums. 

For  t)i28  purpose,  the  detached  pendulum  was  su^ended  on  a 
firm  iron  stand,  by  means  of  a  projecting  piece  of  hard  steel,  one 
edge  of  which  is  ground  to  a.  kxufe-edge,  resting  on  planes  of 
polidied  agate.  Friction  is  thus  nearly,  if  not  altogether,  avoided. 
Behind  the  pendulum  the  dock  was  placed.  A  small  indineddisk 
covered  with  gold  leaf,  and  illuminated  by  a  lamp,  waa  fixed  to 
the  hob  of  the  dock  pendulum.    This  disk  was  viewed  at  a  short 
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distance  by  means  of  a  telescope.  Immediately  in  front  of  Uie 
disk  a  long  narrow  tail  projecting  from  the  bob  of  the  detached 
pendulum  was  suspended^  the  disk  being  iuTisible  when  botii 
pendulums  were  in  a  vertieal  position.  If  the  dock  p^atdulum 
were  made  to  vibrate  while  the  detached  pendulum  was  at  leet,  its 
disk  would  be  seen  on  both  sides  of  4lie  pendulum  tail  A  pair  of 
cheeks  was  attached  to  the  dock-case  between  the  two  pendulums, 
having  an  opening  between  them  which  admitted  of  adjustment. 
When  the  detached  pendulum  was  still  at  rest^  the  cheeks  were 
moved  towards  the  centre  till  the  vibrating  disk  could  not  be  seen 
past  the  edges  of  the  pendulum  tail;  when  this  was  done  satis- 
factorily the  apparatus  was  ready  for  use.  Supposing  the  two 
pendulums  are  both  vibrating;  if  they  do  not  pass  l^e  vertical 
positions  at  the  same  timO;  the  pendulum  tail  does  not  cover  tlie 
opening  between  the  adjustable  cheeks  at  the  instant  when  the 
disk  is  passing,  which  is  therefore  visible  to  the  observer.  When 
they  pass  together  the  disk  cannot  be  seen,  the  two  pendulums  being 
in  coincidence.  The  exact  times  of  successive  coincidences  were 
observed,  from  which  could  easily  be  inferred  the  rate  of  one  pendu- 
lum over  the  other.  These  observations  were  made  simultaneously 
at  the  upper  and  lower  stations  cm.  predsely  the  same  system. 
Having  thus  obtained  the  rate  of  each  detached  pendulum  in 
comparison  with  its  own  dock,  it  was  necessary  that  the  compara- 
tive rates  of  the  two  docks  should  be  determined  with  the  greatest 
accuracy.  This  was  effected  by  means  of  galvanic  signals,  a  com- 
munication being  made  between  the  two  stations  by  wires  passing 
down  the  shaft  A  galvanic  needle  was  placed  near  each  dock- 
face,  so  that  each  signal  was  observed  at  the  same  instant  by  the 
two  observers.  From  these  comparisons  the  rate  of  one  dock  over 
the  other  was  easily  found,  and  also  the  comparative  rate  of  the 
two  detached  pendulums. 

The  observations  were  completed  in  three  weeks,  the  detached 
pendulums  being  reversed  in  the  second  week  ;  in  the  third,  the 
pendulums  were  interchanged  at  the  commencement,  and  in  *the 
middle  of  the  week,  forming  four  complete  series  of  observations. 
To  eliminate  any  liability  of  error  which  might  arise  if  no  inter- 
change took  place,  the  detached  pendulums  were,  therefore,  alter- 
nately moxmted  at  the  upper  and  lower  stations.  Six  observers 
from  different  observatories,  under  the  superintendence  of  Mr. 
Dunkin,  of  the  Royal  Observatory,  gave  their  personal  asastance. 

A  careful  survey  of  the  neighbouring  country  was  ipade,  as  wdl 
as  of  the  difierent  strata  which  composed  the  shell  between  the  two 
stations.  One  hundred  and  forty-two  diffiarent  specimens  vmre 
found,  and  the  specific  gravity  of  the  principal  determined. 

The  result  of  ihe  experiment  gave  6-57  for  the  value  of  the  mean 
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dengity  of  the  earth  above  that  of  water.  This  result  is  much 
ltig«r  than  those  obtamed  from  former  researches,  but  the  Astro- 
nomer Royal  consideis  it  entitled  to  compete  with  the  others  OU;  at 
letsly  equal  terms. 


CHAPTER  V. 

APPARBirr  FORM  AlID  MOTION  OP  THB  FTRMAMEMT. 

82.  Aspect  of  tbm  flmuuneiit. — If  we  examine  the  heavens 
with  attention  on  dear  starlight  nights,  we  shall  soon  be  struck 
with  the  iadf  that  the  brilliant  objects  scattered  over  them  in  such 
incalculable  numbers  maintain  constantly  the  same  relative  posi- 
tion and  arrangement.  Every  eye  is  familiar  with  certain  groups 
of  stars  called  constellations.  These  are  never  observed  to  change 
iheb  relative  position.  A  diagram  representing  them  now  would 
equally  represent  them  at  any  future  time ;  and  if  a  general  map  be 
made,  showing  the  relative  arrangement  of  these  bodies  on  any 
nigh^  the  same  map  will  represent  them  with  equal  exactness  and 
fidelity  on  any  other  night  There  are  a  few,  among  many  thou- 
sands, which  are  exceptions  to  this,  with  which,  however,  for  the 
present  we  need  not  concern  ourselves. 

83.  Tlie  oetostlal  liemtopliere. — The  impression  produced 
upon  the  sight  by  these  objects  is  that  they  are  at  a  vast  distance, 
but  all  at  the  same  distance.  They  seem  as  though  they  were  at- 
tached in  fbced  and  unalterable  positions  upon  the  surface  of  a  vast 
hemisphere,  of  which  the  place  of  the  observer  is  the  centre.  Setting 
aside  the  accidental  inequalities  of  the  ground,  -the  observer  seems 
to  stand  in  the  centre  of  a  vast  circular  plane,  which  is  the  base  of 
this  celestial  hemisphere. 

84.  Soiiaon  and  seaMi.  —  This  plane,  extended  indefinitely 
around  the  observer,  meets  the  celestial  hemisphere  in  a  circle 
which  is  called  the  Horizok,  from  the  Greek  word  SpiUtv  (orizein), 
to  termmaU  or  hound,  being  the  boundary  or  limit  of  the  visible 
heavens. 

The  centre  point  of  the  visible  hemisphere  — that  point  which 
is  perpendicularly  above  the  observer,  and  to  which  a  plumb-line 
suspended  at  rest  would  be  directed  —  is  called  the  Zenith. 

8  5.  Apparent  rotation  of  the  llrmament. — A  few  hours'  at- 
tentive omtemplation  of  the  firmament  at  night  will  enable  any 
common  observer  to  perceive,  that  although  the  stars  are,  relatively 
to  each  other,  fixed,  the  hemisphere,  as  a  whole,  is  in  motion. 
Looking  at  the  zenith,  constellation  after  constellation  will  appear 
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to  -paBB  acroBB  it,  liaviiig  risen  in  an  dUique  dbeotion  fram  tiie 
horizon  at  one  side,  and;  after  paastng  iiie  senithy  deaoendiBg'  an 
the  other  side  to  the  hanxon,  in  a  diiectian  nmilufy  oUiqae. 
Still  more  careful  and  longer  continued  ohsenEotiaiiy  acud  a  oom- 
parison,  so  far  as  can  be  made  by  the  eye,  of  the  different  directions 
successiyely  assumed  by  the  same  object;  creates  a  suspicion,  which 
every  additional  observation  strengthens^  that  the  celestial  vault 
has  a  motion  of  slow  and  uniform  rotation  round  a  certain  diameter 
as  an  axis^  carrying  with  it  all  the  objects  visible  upon  it,  witliout 
in  the  least  deranging  their  relative  positions  or  disturbing  their 
arrangement. 

Such  an  impression,  if  weU  fonnded,  would  involve,  as  s  neces- 
fiaiy  consequence,  that  a  certain  point  in  the  heavens  placed  at  tlie 
extremity  of  the  axis  of  its  rotation,  would  be  fixed,  and  that  all 
tther  points  would  appear  to  be  «axaed  SBOund  it  in  dides;  eadi 
such  point  preserving  therefore,  constantly,  the  saone  distanoe  from 
the  point  thus  lixed. 

86. ■  TiM  iK>to  star. — To  veiify  IMb  inference,  we  miurt;  kokfo 
ft  star  whidi  is  not  afiected  by  Hie  apparent  votaction  of  tiM  hearena, 
which  afieota  more  or  less  eveiy  other  star. 

6nch  a  star  is  accordingly  foimd,  which  is  always  seen  in  tiie 
aame  direction^ — so  far  at  least  as  tiie  eye^  imaided  by  more  aoca- 
Tate  means  of  observation,  can  determine. 

The  place  of  this  star  is  called  the  Poxo,  and  tke  star  is  called 
the  Pole  stas. 

67.  motefetoii  prared  by  i—tnimaaitai  #b— rwrttan.  —  Mere 
visual  observation,  however,  can  at  niost  only  sapply  groonds  for 
probable  conjecture,  either  mb  to  the  rotatioai  of  the  sj^ere,  or  the 
position  of  its  pole,  if  such  rotation  talce  place.  To  venify  diis  con- 
jecture, to  determine  with  certainty  whether  ihe  Xkotion  of  t^ 
sphere  be  one  of  rotation,  and  if  so,  to  ascertain  with  predsion  the 
direction  of  the  axis  round  which  this  rotadoQ  taJces  pUoe,  its 
velocity,  and,  in  £ne,  whether  it  be  ^miform  or  TaitaUe,  ?~  are 
problems  of  the  highest  iipportance^  bat  which  toe  altogether 
beyond  the  powers  df  mere  visual  ol)eervation  imaided  by  instra- 
ments  of  precision. 

88.  Bxaot  direotloii  oftbe  axis  and  position  offlie  pete, — 
Suppose  a  telescope  of  low  magnifying  power,  s^q^plied  with  noicro- 
metric  wires  (i  i),  to  be  directed  to  the  pole  star,  so  that  tiie  star 
may  be  seen  exactly  upon  the  intersection  of  the  horizontal  and 
vertical  wires.  If  this  star  were  precisely  at  the  extu^mity  of  the 
axis  of  the  hemiqihere,  or  at  the  pole,  it  would  remain  peimanently 
in  this  position  notwithstanding  the  rotation  •  of  the  Armament. 
Such  is  not;  however,  found  to  be  the  case.    The  star  will  iqipear 
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to  move;  bat  if  the  magnifying  power  of  the  telescope  h^  low 
eoong^  it  will  not  leaye  the  field  of  view.  It  ^^rill  appear  to  mov^ 
in  a  flmaQ  dide,  the  diameter  of  whidi  is  about  3^  The  telescope 
may  be  so  adjusted  that  the  star  will  moye  in  a  circle  round  the 
itttttsectioii  ik  the  wkes  as  a  centre^  which  would  be  Ibe  true  poei- 
tion  of  "die  Tcilb,  round  which  the  pole  star  is  carried  in  a  circle;  at 
the  distance  of  about  1^**^  by  tiie  rotation  of  the  sphere. 

89.  Betatloii  of  llnnameiit  prored  by  e^niatorlal.  <^-NoW; 
to  establidiy  by  means  of  the  equatorial,  the  fact  Ibst  tiie  firma- 
rneat  really  luis  a  motion  of  apparent  rotation  with  a  Telocity 
figoioiisly  uniform  round  1^  axis,  let  the  telescope  be  first  directed 
to  anystar,  ^tJH^»  1 3i  'or  example,  so  that  it  shall  be  seen  bisected 
by  tiie  middle  wire.  The  line  of  collimadon  will  then  be  directed 
to  tiie  star,  and  the  angle  OOH^  or  the  arc  oV  will  express  the 
apparent  distance  of  such  a  star  from  the  pole^. 

Let  liie  instrument  be  thai  tamed  up<m  its  axis  from  east  to 
west  (tiiat  is,  in  the  same  direction  as  ^e  rotation  of  the  firma- 
ment), dirough  any  proposed  imgle,  say  90®,  and  let  it  be  fixed  in 
that  poaitiaii.  The  firmament  will  IbUow  it,  and  after  a  certain 
iBterral  tiie  same  star  will  be  seen  again  bisected  by  tiie  middle 
wire ;  and  in  the  same  manner,  whatever  be  the  change  of  position 
of  Hie  instrament  upon  its  axis,  provided  tbe  direction  of  the  tele- 
scope upon  tiie  arc  0  v^Jig,  1 3,  be  not  changed,  tiie  star  will  always 
amve,  after  an  interval  more  or  less,  according  to  the  angle  through 
whidi  iAaa  instroment  has  been  turned,  upon  the  middle  wire. 

It  follows,  li^lfrefore,  frx>m  this,  that  Hie  particular  star  here 
obeerved  is  carried  in  a  circle  round  the  heav^is,  always  at  the 
same  distance,  op,  from  the  celestial  pole. 

The  same  observations  being  made  with  a  like  result  upon  every 
•tar  to  which  the  teleecope  is  directed,  it  follows  that  the  motion 
oi  the  firmament  is  such  ihtit  all  objects  upon  it  describe  circles  at 
rigbt  angles  to  its  axis,  each  object  always  remaining  at  the  same 
distance  from  the  pole. 

This  is  predsely  the  efiect  which  would  be  produced  by  the  ro- 
tation of  ike  heavens  round  an  axis  directed  to  the  pole  from  t^e 
place  of  the  observer. 

But  it  remains  to  ascertain  the  time  of  rotation,  and  whether  the 
rotation  be  uniform. 

If  tiie  telescope  be  directed  as  before  to  any  star,  so  that  it  shall 
be  seen  on  the  middle  wire,  let  the  instrument  be  then  fixed,  being 
detached  from  lite  clock-work,  and  let  the  exact  time  be  noted. 
On  tiie  following  night,  at  the  approach  of  the  same  hour,  the  same 
star  will  be  seen  approaching  to  ^e  same  position,  and  it  will  at 
length  arrive  again  upon  the  wire.  The  time  being  again  exactly 
observed,  it  will  be  found  that  the  interval  of  solar  time  which 


72  ASTHONOMY. 

has  elapsed  between  the  two  succeesiye  passages  of  the  star  oyer  the 
wire  is 

23»»  56-  4-09. 

Such  is^  therefore,  the  solar  time  in  which  the  celestial  sphere 
makes  one  complete  revolution;  and  this  time  will  be  always  found 
to  be  the  same,  whatever  be  the  star  to  which  the  teleecope  is 
directed. 

To  prove  that  not  only  every  complete  revcdution  is  performed  in 
the  same  time^  but  that  the  rotation  during  the  same  revolution  is 
imiform,  let  the  instrument,  after  being  directed  to  any  star^  be 
turned  in  the  direction  of  the  motion  of  the  sphere  through  any 
proposed  angle,  90°  for  example.  It  will  be  found  that  the  inter- 
val which  will  elapse  between  the  passage  of  the  star  over  the 
wires  in  the  two  positions  will,  in  this  case,  be  the  fourth  part  of 
23^  56"*  4'  '09,*  and,  in  general,  whatever  be  the  angle  through 
which  the  instrument  may  be  turned,  the  interval  between  the  pas- 
sages of  the  same  star  over  the  wires  in  the  two  positions  will  bear- 
the  same  proportion  to  23^  56"*  4*  '09,  as  the  angle  bears  to  360^. 

It  foUows,  therefore,  tiiat  the  apparent  rotation  of  the  heavens 
is  rigorously  uniform. 

It  will  be  observed  that  the  time  of  one  complete  revolutinn  is 
3*  55"9i  less  than  twenty-four  hours,  or  a  conunon  day.  The 
cause  of  this  difference  will  be  explained  hereafter. 

90.  Sidereal  time. — The  time  of  one  complete  revolution  of  the 
firmament  is  called  a  sidebeal  dat.  This  interval  is  divided, 
like  a  conmion  day,  into  24  hours,  each  hour  into  60  minutes,  and 
each  minute  into  60  seconds. 

Since  in  24  sidereal  hours  the  sphere  turns  through  360**,  and 
since  its  motion  is  rigorously  uniform,  it  turns  through  1 5^  in  a 
sidereal  hour,  and  through  1^  in  four  sidereal  minutes. 

9 1 .  The  same  apparent  motion  obserred  by  day. — It  may 
be  objected  that  although  this  description  of  the  movement  of  the 
heavens  accords  with  the  appearances  during  the  night,  there  is  no 
evidence  of  the  continuance  of  the  same  rotation  during  the  day, 
since  in  a  cloudless  firmament  no  object  is  visible  except  the  sun, 
which  being  alone  cannot  manifest  the  same  community  of  motion 
as  is  exhibited  by  the  multitudinous  objects  which,  being  crowded 
so  thickly  on  the  firmament  at  night,  move  together  without  any 
change  in  their  apparent  relative  position.  To  this  objection  it 
may  be  answered  that  the  moon  is  occasionally  seen  in  the  day-time 
as  well  as  the  sun ;  and,  moreover,  that  before  sunset  and  after  sun- 
rise the  planets  Jupiter  and  Venus  are  occasionally  seen  under 
fJBivourable  atmospheric  circimistances.  Besides,  with  telescopes  of 
sufficient  power  properly  directed,  all  the  blighter  stars  can  be  dis- 
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tincUy  seen  when  not  situated  very  near  the  position  of  the  sun. 
l^ow,  in  all  these  cases,  the  ohjects  thus  seen  appear  to  he  carried 
round  hj  the  same  motion  of  the  firmament,  which  is  so  much  more 
conspicuously  manifested  in  the  ahsence  of  the  sun  and  at  night. 

92.  Oeitalii  llzed  paiatm  and  olroles  naeewMury  to  expreaa 
'Che  pesttloii  of  objects  on  tbe  iMavena. — It  will  greatly  con- 
tribute to  the  facility  and  clearness  with  which  the  celestial  pheno- 
mena and  their  causes  shall  be  understood  if  the  student  will  impress 
upon  his  memoiy  the  names  and  positions  of  certain  fixed  points^ 
lines,  and  circles  of  the  celestial  sphere^  by  reference  to  which  the 
position  of  objects  upon  it  are  expressed.  Without  incumbering 
him  with  a  more  complex  nomenclature  than  is  indispensably  neces- 
saiy  for  this  purpose,  we  shall'therefore  explain  some  of  the  prin- 
cipal of  these  landmarks  of  the  heavens. 

93.  Vertical  drcleOf  aenitu,  and  nadir. — If  from  the  place 
of  ^e  obeenrer  a  straight  line  be  imagined  to  be  drawn  perpendi- 
cular to  the  plane  of  the  horizon,  and  to  be  continued  indefinitely 
both  upwards  and  downwards,  it  will  meet  the  visible  hemisphere 
at  its  vertex,  the  Zsnttk,  and  the  invisible  hemisphere,  which  is 
imder  the  plane  of  the  horizon,  at  a  corresponding  point  called  the 
Nadxb. 

If  a  plane  be  supposed  to  pass  through  the  place  of  the  observer 
and  the  zenith,  it  will  meet  the  celestial  surface  in  a  series  of  points, 
forming  a  circle  at  right  angles  to  the  horizon.  Such  a  circle  is 
called  a  vertical  gibglb,  or,  shortly,  a  Ysbucal. 

If  this  plane  be  supposed  to  be  turned  round  the  line  passing 
upwards  to  the  zenith,  it  will  assume  successively  every  direction 
round  the  observer,  and  will  meet  the  heavens  in  every  possible 
vertical  circle. 

The  vertical  circles,  therefore,  all  intersecting  at  the  zenith  as  a 
common  point,  divide  the  horizon  as  the  divisions  of  the  hours  and 
minutes  divide  the  dial-plate  of  a  clock. 

94.  The  celeetial  meridian  and  prime  TorticaL — That  ver- 
tical which  passes  through  the  celestial  pole  is  called  the  Mebidian. 

The  meridian  is,  therefore,  the  only  circle  of  the  heavens  which  ^ 
passes  at  once  through  the  two  principal  fixed  points,  the  pole  and 
the  zenith. 

It  divides  the  visible  hemisphere  into  two  regions  on  the  right 
and  left  of  the  observer ;  as  he  looks  to  the  north,  that  which  is  on 
his  right  being  called  the  Eastebx,  and  that  which  is  on  his  left 
the  Westerh. 

Another  vertical  at  right  angles  to  the  meridian  is  called  the 
PBDCB  VEBTIOAL.    This  is  comparatively  little  used  for  reference. 

95.  CJardlnal  polnta. — The  meridian  and  prime  vertical  divide 
the  horizon  at  four  points,  equally  distant,  and  therefore  separated 
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l)7arc8of90^  These  points  acre  called  tiiecutDDriLPonrrs.  lliOBa 
formed  bj  l^e  intersedion  of  the  meiidiBn  with  the  horizon  are 
called  the  Nobth  and  Sorrm  points,  that  which  is  nearest  to  the 
yinfole  pole  in  the  nortiiem  hemisphere  being  the  north.  Those 
formed  hy  the  intersection  of  the  prime  Tertical  with  the  horison 
are  called  the  East  and  West,  t^  to  tiie  right  of  an  obsenrer 
looking  towards  the  north  being  ike  east 

Hie  cardinal  points  cotrespond  with  those  maricedon  the  card  of 
a  mariner's  compass,  allowance  bdng  mado  for  the  variation  of  €k» 
needle. 

96.  The  astarath,-— The  direction  of  an  object,  whether  ter- 
restrial or  celestial,  in  reference  to  the  cardinal  points,  or  to  the 
plsne  of  the  meridian,  is  called  its  AsoMirnL  Thus  it  is  said  to 
have  so  many  degrees  of  azimuth  east  or  west,  according  as  the 
Tertical  circle,  whose  plane  passes  through  it,  forms  that  angle  east 
or  west  of  the  plane  c^  the  meridian. 

97.  Vemtli  Otstaaoe  and  altttade. — It  is  always  possible  to 
conceive  a  vertical  circle,  which  shall  pass  through  any  proposed 
object  on  the  heavens.  The  arc  of  such  a  circle  between  ^  zenith 
and  the  object  is  called  its  Zkmth  distikge. 

The  remainder  of  the  quadrant  of  the  vertical  between  the  object 
and  the  horizon  is  called  its  Altitttdb. 

It  is  evident,  therefore,  that  the  altitude  of  the  zenith  ia  90% 
and  the  zenith  distance  of  eveiy  point  on  the  horizon  is  also  90^. 

The  arc  of  the  meridian  between  the  zenith  and  the  pole  is  the 
zenith  distance  of  the  pole,  and  the  arc  of  the  meridian  between  the 
pole  and  the  horizon  is  the  altitude  of  ^e  pole. 

98.  Celestial  equator.  — If  a  plane  be  imagined  to  pass  through 
the  place  of  the  observer  at  right  angles  to  the  axis  of  the  sphere, 
and  to  be  continued  to  the  heavens,  it  will  meet  the  surface  of  the 
celestial  vault  in  a  circle  which  shall  be  90"  from  the  pole,  and 
which  will  divide  the  sphere  into  two  hemispheres,  at  the  vertex 
of  one  of  which  is  the  visible  or  north  pole,  and  at  the  vertex  of 
the  other  the  inviable  or  south  pole. 

This  circle  is  called  the  celestial  xatTATOB. 

The  several  fixed  points  and  circles  described  above  wiH  be  more 
clearly  conceived  by  the  aid  of  the  diagram,^.  28,  where  o  is  the 
place  of  the  observer,  z  the  zenith,  p  the  pole,  s  z  p  N  the  visible,  and 
8/7  s  N  the  invisible  h  alf  of  the  meridian ;  s  E  K  w  is  the  horizon  seen  by 
projection  as  an  oval,  being,  however,  really  a  circle  ;  K  and  8  are 
the  north  and  south,  and  £  and  w  the  east  and  west  cardinal  points. 
The  points  of  the  several  circles  which  are  below  the  horizon;  are 
distinguished  by  dotted  lines.  The  celestial  equator  is  represented 
at  J£Q,  and  the  prime  vertical  at  zwxz,  both  being  looked  at 
edgevrise.  * 
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A  plane  v  n,  drawn  through  the  north  cardinal  point;  cuts  off  a 
poiticm  of  the  sphere^  having  the  yiedble  pole  K  at  its  centre,  all  of 
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mhadt  w  abore  the  horizon ;  acnd  aixxresponding  plane,  s^  through 
the  mmA,  cnrdiDal  point,  <!uts  off  a  part,  leaving  the  invisible  pole 
at  iti  centre,  all  of  whidi  is  below  llie  horizon. 

99.  Apparet  mMfVkmk  orttoo  oetosttal  •phere. — Now,  if  tiie 
entbe  sphere  be  imagined  to  Tevolve  on  th«  line  p  op  through  the 
poles  as  a  fixed  sjob,  making  one  complete  revolution,  and  in  such 
a  direction  that  it  will  pass  over  an  observer  at  0,  looking  towards 
V  from  his  right  to  his  l«ft,  carrying  with  it  all  the  objects  on  the 
finnament,  without  disturbing  their  relative  position  and  arrange- 
BMiit,  we  shall  form  an  exact  notion  of  the  apparent  motion  of  the 
heavens.  All  objects  rise  upon  the  eastern  half,  sen,  of  the 
honaon,  and  set  upon  the  western  half,  s  w  K.  The  objects  which 
aes  neacer  to ^e  visible  pole  p  than  tiie  cirde  nv  never  set;  and 
those  which  axe  nearer  to  the  invisible  pole  p  than  the  cirde  as 
never  rise.  Those  which  are  between  the  equator  x  a  and  the 
ttrde  i»K  are  longer  above  liie  horizon  than  below  it;  and  those 
wliich  are  between  the  equate  jbu  and  1^  circle  s  s  are  longer  below 
the  equator  than  above  it  Objects,  in  fine,  which  are  upon  the 
equator  are  equal  times  below  and  above  the  horizon. 

When  an  object  rises,  it  gradually  increases  its  altitude  until  it 
reaches  the  mfrridiim.  It  then  begms  to  descend,  and  continues  to 
descend  until  it  sets. 
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CHAPTER  VL 

DIURNAL  BOTATIOM  OF  THE  EARTH. 

1  oo.  Apparent  dlvniAl  rotatton  of  tike  beavens  —  Its  pos- 
sible eaufles* — The  apparent  diurnal  rotation  of  the  celeetiid 
sphere  being  such  as  has  been  explained^  it  remains  to  determine 
what  is  the  real  motion  which  produces  it.  Now  it  is  demonstrable 
that  it  may  be  caused  indifferently^  either  by  a  real  motion  of  the 
sphere  round  the  observer  corresponding  in  direction  and  velocity 
with  the  apparent  motion,  or  by  a  real  motion  of  the  earth  in  the 
contrary  direction,  but  with  the  same  angular  velocity  upon  that 
diameter  of  the  globe  which  coincides  with  the  direction  of  the 
axis  of  the  celestial  sphere,  and  that  no  other  conceivable  motion 
would  produce  that  apparent  rotation  of  the  heavens  which  we 
witness.    Between  these  two  we  are  to  decide  which  really  exists. 

1  oi .  Bapposltloii  of  tbe  real  motloii  of  tbe  milTerse  laad- 
mlssible.  —  The  fixity  and  absolute  repose  of  the  globe  of  tiie 
earth  being  assumed  by  the  ancients  as  a  physical  maxim  which 
did  not  even  admit  of  being  questioned,  they  perceived  the  inevit- 
able character  of  the  alternative  which  the  apparent  diurnal  rota- 
tion of  the  heavens  imposed  upon  them,  and  accordingly  embraced 
the  hypothesis,  which  now  appears  so  monstrous,  and  which,  is 
implied  in  the  term  visitbsse*,  which  they  have  bequeathed  to 
us. 

It  is  true  that  owing  to  the  impeifect  knowledge  which  pre- 
vailed as  to  the  real  magnitudes  and  distances  of  the  bodies  to 
which  this  common  motion  was  so  unhesitatingly  ascribed,  the 
improbability  of  the  supposition  would  not  have  seemed  so  gross 
as  it  does  to  the  more  enlightened  inquirers  of  our  age.  Never- 
theless, in  any  view  of  it,  and  even  with  the  most  imperfect  know- 
ledge, the  hypothesis  which  required  the  admififion  that  the 
myriads  of  bodies  which  appear  upon  the  firmament  should  hare, 
besides  the  proper  motions  of  several  of  them,  such  as  the  moon 
and  planets,  of  which  the  ancients  were  not  unaware,  motions  of 
revolution  with  velocities  so  prodigious  and  so  marvellously  related 
that  all  should,  in  the  short  interval  of  twenty-four  hours,  whirl 
round  the  axis  of  the  earth  with  the  unerring  harmony  and  regu- 
larity necessary  to  explain  the  apparent  diurnal  rotation  of  the 
firmament,  ought  to  have  raised  serious  difficulties  and  doubts. 

•  Unus,  one,  and  vebsum,  turning,  or  rotation, — taming  with  one  commoo 
motion  of  rotation. 
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Bnt  with  the  knowledge  which  has  heen  obtained  by  the  labours 
of  modem  astronomers  respecting  the  enormous  magnitudes  of  the 
principal  bodies  of  the  physical  universe^  magnitudes  compared  with 
which,  that  of  the  globe  of  the  earth  dwindles  to  a  mere  point,  and 
their  immense  distances,  under  the  expression  of  which  the  very 
power  of  number  itself  almost  fails,  recourse  to  colossal  units 
being  necessary  in  order  to  enable  it  to  express  even  the  smallest  of 
them,  the  hypothesis  of  the  immobility  of  the  earthy  and  the  diurnal 
rotation  of  ^e  countless  orbs  of  magnitudes^  so  unconceivably 
filling  the  immensity  of  space,  once  every  twenty-four  hours  round 
this  grain  of  matter  composing  our  globe,  becomes  so  preposterous 
tiiat  it  is  rejected,  not  as  an  improbability,  but  as  an  absurdity  too 
gross  to  be  eren  for  a  moment  seriously  entertained  or  discussed. 

102.  Slmplietty  and  intrinsio  probability  of  tbo  rotation  of 
tlio  oartb. — ^But  if  any  ground  for  hesitation  in  the  rejection  of 
this  hypothesis  existed,  all  doubt  would  be  romoved  by  the  simpli- 
city and  intrinsic  probability  of  the  only  other  physical  cause  which 
can  produce  the  phenomena.  The  rotation  of  the  globe  of  the  earth 
i^pon  an  axis  passing  through  its  poles,  with  an  uniform  motion 
from  west  to  east  once  in  twenty-four  hours,  is  a  supposition  against 
which  not  a  single  reason  can  be  adduced  based  on  improbability. 
Such  a  motion  explains  perfectly  the  apparent  diurnal  rotation  of 
the  celestial  sphero.  Being  uniform  and  free  from  irregularities, 
checks,  or  jolts,  it  would  not  be  perceiyable  by  any  local  derange- 
ment of  bodies  on  the  surface  of  the  earth,  all  of  which  would 
participate  in  it.  Observers  upon  the  surface  of  our  globe  would 
be  no  moro  conscious  of  it,  than  aro  the  voyagers  shut  up  in  the 
cabin  of  a  canal  boat,  or  transported  above  the  clouds  in  the  car  of 
a  balloon. 

103.  Biroet  proofli  of  tbo  oartb'a  rotation. — Irresistible, 
nevertheless,  as  this  logical  alternative  is,  the  universality  and  an- 
tiquity of  the  belief  in  the  immobility  of  the  earth,  and  the  vast 
phydcal  importance  of  the  principle  in  question  have  prompted 
inquirers  to  search  for  direct  proofs  of  the  actual  motion  of  the  earth 
upon  its  axis.  Two  phenomena  have  accordingly  been  produced 
as  immediate  conclusive  proof  of  this  motion. 

104.  Vroof  by  tbo  doaoont  of  a  body  from  a  froat  boiffbt. 
—  It  has  been  shown  (x.  1 80)  that  a  body  descending  from  a  great 
height  does  not  fall  in  the  true  vertical  line,  which  it  would  if  the 
eartii  were  at  rest,  but  eastward  of  it,  which  it  must,  if  the  earth 
have  a  motion  of  rotation  from  west  to  east. 

If  a  high  tower  or  steeple  be  erected  on  the  surface  of  the  earth, 
it  is  evident  that,  in  consequence  of  the  revolution  of  the  globe 
upon  its  axis,  the  top^  the  tower  will  be  moved  in  a  greater  diur- 
nal circle  than  the  Infee  0,  being  moro  distant  from  the  common 
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centre  loimd  wliidi  the  entiie  world  is  moyed.  The  top  of  ike 
iawet,  therefose^  and  aajtfaing  placed  upon  it^  has  a  greater  Tel<»- 
cil^  fitaoL  west  to  easi^  which  ia  the  direction  of  Hke  eartii's  lotatian, 
thafi  has  thethc^tom. 

Now  if  we  imagine  ahaarvjball  tobe  let  fall  from  the  top  of  the 
tower  towards  the  base,  this  ball  will  be  affected  by  two  motions : 
ist^  that  which  it  has  in  common  with  the  top  of  the  tower  fiom 
west  to  east,  in  virtue  of  the  earth's  dinznal  motion ;  and  zndlj, 
that  Ttt!tical  motion  which  it  has  in  falling.  The  conise  it  will 
foXiow  will  thearefoie  dep^id  on  the  combination  of  these  two  mo- 
tionS)  and  it  will  stdke  the  ground  at  a  point  east  of  that  which 
it  occupied  at  the  commencement  of  its  &11,  by  a  space  equal  to 
that  through' which  the  top  of  the  tower  is  carried  during^  th^  time 
o£  the  ML  But  during  this  same  interraU  the  base  of  the  tower  is 
also  moving  eastward,  but,  as  has  been  explained,,  through  a  less 
spacer 

Since  the  ball  is  carried  eastward  through  the  apace  through 
which  the  top  of  the  tower  is  moved,  while  the  base  of  the  tower  is 
earned  eastward  through  a  leas  space,  the  ball,  instead  of  falling  at 
the  base  of  the  tower,  which  it  would  do,  if  there  were  no  diumal 
rotation  of  the  earth,  will  fall  just  so  much  east  of  the  base  as  is 
equal  to  the  difierence  between  t^e  motion  of  the  top  and  the 
motion  of  the  bottom  of  the  tower. 

This  will  be  rendered  more  intelligible  byj^.  29.,  in  which  a  0 
may  be  supposed  to  represent  the  tower  at  the  moment  when  the 

ball  is  disengaged  finom  ▲,  o 
being  the  centre  of  the  earth, 
to  which  the  vertical  line  a  0 
is  directed.  Let  us  suppose 
that  in  the  lime  of  the  ML, 
the  earth  in  its  revolutioa 
moves  through  the  an^e  c  0  c^. 
In  that  case  tiie  position  of 
the  tower  at  the  moment  tha 
ball  comes  to  the  surface  of 
the  earth  will  be  if  of,  Tha 
ball  meanwhile,  during  its  fall 
retaining  the  velocity  east- 
ward, which  it  had  at  &e  mo- 
ment it  was  dismissed  fix)m  A, 
will  fall  at  a  distance  east- 
ward of  0  equal  to  A  A''.  But 
since  A  a'  is  greater  tiian  c  c^, 
the  distance  at  which  the  ball 
will  strike  tiie  ground  eastward  of  0  will  be  neceaaarily  greater 
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c  c^  liy  the  difiereace  beti^een  x  Af  and  c  o'.  If^  then, 
•m  taJse  c  B  =  a  a',  B  will  be  the  point  at  which  the  ball  will 
Btdke  the  giound,  the  tower  then  being  in  the  position  a^  (/•  The 
dfitfanre  c^  B  of  the  point  b  eastward  of  the  foot  of  the  tower^ 
will  then  be  the  difference  between  the  arc  descnbedbj  the  top  of 
the  towei^  and  the  ase  deeciibed  by  the  bottom,  of  the  tower  in  the 
time  of  ^  £b1L 

Since  the  distance  B  (/  must  necessazily  be  extremely  minute,  it 
might  be  sapposed  that  such  an  experiment,  howeyer  beautiful  in 
theoiy,  would  be  impracticable^  the  quantity  which  would  indicate 
the  efiect  of  the  rotation  being  smaller  than  could  be  correctly 
Bieasoied.  The  experiment^  nevertheless^  was  performed  with  some 
eoocees  when  first  proposed  on  the  leaning  tower  of  Bologna,  and 
has  since  beeai  repe^^d,  under  much  more  fayourable  circumstances, 
and  with  results  much  more  exact,  by  M.  Reich  in  the  shaft  of  a 
mine  near  Freyberg.  The  depth  of  the  shaft,  and  consequently 
die  hm^  of  the  fall,  was  in  this  case  520  feet,  and  a  mean  of 
aeyeral  experiments  showed  that  the  eastern  deviation  amounted  to 
1*1  inch,  while  the  calculation  of  the  distance  eastward,  at  which 
the  ball  oug^t  to  haye  fallen,  allowing  for  the  earth's  actual  rota- 
tion, was  1  *o86  inch.  The  difference  between  the  result  of  the 
expezimoit  and  the  calculation  by  theory  was,  therefore,  less  than 
the  aeyentieth  part  of  an  inch. 

105.  Vonoenia**  esperimental  Ulustratloiie. — The  diurnal 
rotation  of  the  earth  could  obviously  be  rendered  apparent,  provided 
any  line  or  plane  could  be  found  upon  the  earth's  surface  which 
would  not  participate  in  the  motion  of  rotation,  since  in  that  case 
the  lelatiye  position  of  all  objects  referred  to  such  line  or  plane, 
would  be  changed  fisom  hour  to  hour,  as  the  earth  turns  upon  its 
axis.  It  is  upon  this  simple  principle  that  the  method  of  illustra- 
tiiHi  contrived  by  M.  Leon  Foucault,  has  been  based.  As  this  ex- 
periment has  been  repeated  in  many  places,  has  excited  much 
attention,  and  has  been  the  subject  of  much  discussion,  it  may  be 
worth  while  to  develop  the  principles  upon  which  it  depends,  some- 
niiat  fully. 

It  must  be  first  observed  that  the  rotation  of  a  pendulous  mass 
around  the  line  of  direction  of  the  string  by  which  it  is  suspended 
win  not  produce  any  change  in  the  plane  of  vibration.  Tlus  may 
be  eaoly  proved  experimentally  by  imparting  to  the  point  of  sus- 
pennon  of  the  pendulum  a  rotatory  motion  by  which  the  wire  or 
string  suspending  the  pendulous  mass  can  be  made  to  revolve. 
The  pendulum  being  put  in  vibration,  it  will  be  found  that  such 
motion  of  rotation  will  not  in  any  way  affect  the  plane  of  its 
Qicillation. 

If  we  suppose  a  pendulum  to  be  suspended  immediately  over  the 
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north  pole  of  the  earth  and  put  in  vibration,  the  plane  of  its  oscilla- 
tion wiU  not  be  affected,  therefore,  by  the  rotation  which  its  point 
of  suspension  will  in  tiiat  case  have  in  common  with  the  earth. 
The  earth  will,  therefore,  revolve  under  the  pendulum  while  the 
plane  of  oscillation  retains  a  fixed  direction.  The  observer,  mean- 
while, being  unconscious  of  the  earth's  rotation,  the  plane  of  oscilla- 
tion of  the  pendulum  will  appear  to  him  to  have  a  motion  of  imi- 
form  rotation  round  the  axis  of  suspension,  one  complete  revolution 
being  made  in  23^  56°*.  This  apparent  rotation  of  the  plane  of 
oscillation  will  moreover  take  place  in  the  same  direction  as  that 
in  which  the  hand  of  a  watch  would  move,  or  in  which  a  right 

handed    screw   would    be 
turned. 

Such  being  the  efiect  pro- 
duced upon  the  observer,  it 
is  not  quite  correct  to  say 
that  this  experiment  renders 
visible  the  rotation  of  the 
earth,  since,  in  fact,  it  does 
not  render  that  phenomenon 
more  visible  than  does  the 
apparent  rotation  of  the  fir- 
mament In  the  one  case, 
as  in  the  other,  an  apparent 
motion  is  perceived,  which 
is  produced  by  the  real  rota- 
tion of  the  earth ;  and  it  is 
only  by  the  result  of  reason- 
ing upon  the  phenomena  that 
the  observer  in  the  one  case, 
as  in  the  other,  arrives  at 
the  conclusion  that  the  ap- 
parent motion  which  he  sees 
is  an  optical  effect  caused  by 
the  real  rotation  of  the  earth, 
of  which  he  is  totally  un- 
conscious. 

The  first  experiments  on 
this  principle  made  by  M. 
Foucault,  took  place  in  the 
Pantheon  at  Paris.  An  iron 
wire  about  2 1  o  feet  in  length 
was  attached  by  its  upper 


Fig.  3a 


extremity  to  a  metal  plate  fixed  in  the  centre  of  the  cupola  of  the 
building.    It  supported  at  its  lower  extremity  a  large  and  ponderous 
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copper  balL  When  this  pendulum  was  put  in  oscillation,  it  moved 
between  its  extreme  limits  very  slowly,  the  time  of  oscillation  being 
about  8  seconds.  In  order  to  render  more  sensible  the  rotation  of 
the  plane  of  oscillation  round  the  axis  of  tiie  pendulum,  little  mounds 
of  sand,  a,  a^fig^  30,  were  placed  upon  a  circle  formed  round  the  axis 
of  oscillation,  and  a  point  projecting  from  the  ponderous  ball  struck 
at  each  oscillation  the  ridge  of  this  mo\md,  throwing  off  a  small 
portion  of  the  sand;  and  thus  by  the  continued  motion  of  the 
plane  of  oscillation,  the  top  of  the  ridge  was  gradually  cut  off, 
learing  a  flat  surface  instead  of  an  an^ar  ed^e  as  indicated  in 
the  figure.  On  starting  the  pendulum  it  was  of  great  importance 
that  at  the  commencement  it  should  receive  no  lateral  motion, 
and  that  it  should  be  merely  abandoned  to  the  action  of  gravity, 
without  any  other  disturbing  force.  To  ensure 
this,  at  the  commencement  of  the  operation,  the 
pendulous  ball  was  drawn  to  the  extreme  limit 
of  its  intended  range,  and  tied  there  by  a  thread 
of  silk,  h^fig,  3 1 ,  to  a  fixed  pomt  It  was  started 
by  burning  the  silk  by  means  of  a  match  or  taper, 
at  a  point  near  the  ball. 

This  experiment  has  been  repeated  not  only  by  y\%.  si. 

M.  Foucault  himself,  but  by  many  other  observers 
in  different  parts  of  the  world,  and  though  it  has  not,  as  far  as 
we  are  informed,  been  continued  in  any  single  case  so  long  as  to 
allow  the  plane  of  oscillation  to  make  a  complete  revolution,  its 
continuance  has  been  sufficient  to  determine  the  angular  velocity 
of  the  plane  of  oscillation. 

M.  Foucault  has  more  recently  contrived  another  form  of  experi- 
ment, by  which  the  earth's  rotation  is  demonstrated  by  exhibit- 
ing another  apparent  motion  artificially  produced  by  it.  This 
second  experiment  is  foimded  upon  a  principle  of  mechanics,  in 
virtue  of  which  a  solid  body,  whose  form  is  symmetrical  with  rela- 
tion to  a  particular  line,  receiving  a  motion  of  rotation  round  that 
line,  the  direction  of  such  axis  of  rotation  will  remain  invariable 
whatever  motion  of  translation  may  be  imparted  to  the  rotating 
body.  If,  therefore,  it  can  be  so  contrived  that  a  body  shall  be 
thus  put  in  rapid  rotation  round  its  axis  of  symmetry,  and  placed 
in  circumstances  so  as  not  to  be  disturbed  by  the  force  of  gravity, 
this  body,  while  it  is  carried  round  with  the  diurnal  rotation  of  the 
earth,  will  preserve  the  direction  of  its  axis  of  rotation  imchanged. 
While  the  direction  of  this  axis  therefore  is  fixed,  the  position  of 
all  bodies  round  it  baing  continually  changed  by  the  rotation  of  the 
earth,  an  observer,  unconscious  of  the  change,  will  refer  the  motion 
to  the  axis  itself  5  consequently  that  axis  will  appear  to  have  such 
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a  motion  as  would  result  from  the  relation  between  tiie  bodien 
moved  by  the  earth's  rotation,  and  its  own  fixed  direction. 

M.  Foucanlt  has  realised  this  bj  an  instrument  to  which  he  has 
given  the  name  of  gyroBcope,  A  heavy  metallic  zing  a  OjJigM,  32 
and  33,  is  mounted  upon  an  axis  56,  which 
is  fixed  to  its  centre  and  perpendicular  to  its 
lateral  faces.  This  disk,  which  is  Teiy 
massive,  is  so  formed,  that  its  matter  shaU 
be  principaUj  collected  round  its  circum- 
ference, the  central  part  being  comparatively 
light  The  axis  hh\A  supported  at  its  two 
extremities  by  two  pivots  round  which  the 
Fig.  ti.  ^^^  *  ^  ^^^"^  **"^  freely.    These  two  pivots 

are  formed  in  a  ring  c  c  furnished  witii  two 
knife-edges  like  those  upon  which  the  beam  of  a  balance  is  sus- 
pended. These  knife-edges  d  d  rest  in  cavities  formed  for  tiiem  at 
two  opposite  points  of  tiie  vertical  ring  €  e.  This  ring  itself  is 
auspended  by  a  wire  of  some  length  which  allows  it  to  turn  freely 
round  the  vertical  line  on  which  the  wire  is  directed;  and  to 
prevent  the  wire  with  what  it  supports  from  receiving  a  pen- 
dulous motion  from  any  disturbing  cause,  the  ring  is  furnished 
below  with  a  fine  point,  which  enters  a  hole  large  enough  to  allow 
it  to  turn  freely  without  friction.  Thb  mode  of  suspension  of 
the  disk  a  a,  and  the  axis  b  b,  which  is  united  with  it,  evidentiy 
allows  the  direction  of  the  axis  b  b  to  vary  in  all  possible  ways. 
By  making  the  ring  e  e  turn  round  the  vertical,  which  passes 
through  the  suspending  wire  and  through  the  inferior  point,  the 
axis  b  b  can  be  directed  in  any  vertical  plane  whatever.  In  like 
manner,  by  making  the  ring  c  c  turn  upon  the  knife-edges  d  d,  the 
inclination  of  the  axis  b  b  can  be  varied  at  will,  and  these  two 
motions  can  be  produced  without  any  sensible  variation  whatever. 
This  apparatus  has  been  constructed  with  the  most  exquisite  de- 
gree of  perfection  by  M.  G.  Froment  of  Paris,  so  that  the  centre  of 
gravity  of  the  disk  a  a  is  precisely  upon  its  axis  of  rotation,  and  the 
centre  of  gravity  of  the  range  c  c  is  found  also  exactiy  upon  the 
axis  of  the  two  knife-edges  dd.  It  follows  from  this,  Jirdj  that 
gravity  has  no  effect  whatever  upon  the  motion  of  rotation  of  the 
disk  round  its  axis  of  symmetry ;  and  secondly,  that  it  cannot  in  any 
manner  tend  to  vary  the  inclination  of  the  axis  b  6,  by  making  the 
ring  c  c  turn  round  the  line  of  suspension  formed  by  the  knife-edges. 
To  perform  the  experiment,  the  part  of  the  apparatus  which  is 
represented  separately  in  ^.  32  is  taken  off,  and  is  placed  on  a 
machine  adapted  to  impart  to  the  disk  a  a  an  extremely  rapid  motion 
of  rotation  by  means  of  the  small-toothed  pinion  o.    When  the 
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diik  18  thus  put  in  rotation,  it  is  agun  placed  with  the  ring  cc  in 
Uie  poiition  indicated  in^.  33.    The  axis  6 Shaving  thua  the  hori- 


sontal  direction,  makes  an  angle  with  the  axis  of  the  earth,  and 
will  consequentlj  appear  to  he  moved  round  this  line;  hut  this 
apparent  motion  can  only  he  produced  in  so  far  as  the  ring  c  c  turns 
I7  degrees  round  the  knife-edges  ddy  and  at  the  same  time  the 
▼eitical  ring  e  e  turns  round  the  sustaining  wire.  This  last  more- 
meat  can  he  ohserred  hy  the  aid  of  a  microscope  m  placed  near  the 
apparatus,  and  directed  to  a  small  divided  plate  %  which  the  ring 
«  e  carries.  The  divisions  of  this  little  plate  pass  one  hy  one  hefore 
the  micrometer  wires  of  the  microscope  ahsolutely  in  the  same 
manner  as  stars  are  ohserved  to  pass  hefore  the  micrometer  wires 
of  an  astronomical  telescope. 
The  appsDient  motion  is  ohviouslj  due  to  the  rotation  of  the  earth 
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referred  to  the  fixed  direction  of  the  axis  of  eymmetrj  of  the  rota- 
ting ring. 

1 06.  Anmlory  snppUes  evldonoe  of  tbe  eartli's  rotatton. — 

The  obvioufi  analogy  of  the  planets  to  the  earthy  which  will  appear 
more  fully  hereafter,  would  supply  strong  evidence  in  favour  of  the 
earth's  rotation,  even  if  positive  demonstration  were  wanting.  All 
the  planets  are  globes  like  the  earth  receiving  light  and  heat  from 
the  same  luminary,  and,  like  the  earth,  revolving  round  it.  Now 
all  the  planets  which  we  have  been  enabled  to  observe  have  motions 
of  rotation  on  axes,  in  times  not  very  difierent  from  that  of  the 
earth. 

107.  riffore  of  tbe  earth  supplies  aaotber  proof; — Besides 
these,  it  has  been  shown  in  a  preceding  chapter  that  another  proof 
of  the  rotation  of  the  earth  is  supplied  by  a  peculiar  departure  £nom 
the  strictly  globular  form  (68). 

108.  Bow  tills  rotation  of  tlie  earth  explains  the  divmal 
phenomena. — We  are  then  to  conclude  that  the  earth,  being  a 
globe,  has  a  motion  of  uniform  rotation  round  a  certain  diameter. 
The  universe  around  it  is  relatively  stationary,  and  the  bodied 
which  compose  it  being  at  distances  which  mere  vision  cannot 
appreciate,  appear  as  if  they  were  situate  on  the  surface  of  a  vast 
celestial  sphere  in  the  centre  of  which  the  earth  revolves.  This 
rotation  of  the  earth  gives  to  the  sphere  the  appearance  of  revolving 
in  the  contrary  direction,  as  the  progressive  motion  of  a  boat  on  a 
river  gives  to  the  banks  an  appearance  of  retrogressive  motion ;  and 
since  the  apparent  motion  of  the  heavens  is  from  east  to  west,  the 
real  rotation  of  the  earth  which  produces  that  appearance  must  be 
from  west  to  east. 

How  this  motion  of  rotation  explains  the  phenomena  of  the  rising 
and  setting  of  celestial  objects  is  easily  understood.  An  observer 
placed  at  any  point  upon  ike  surface  of  the  earth  is  carried  round 
the  axis  in  a  circle  in  twenty-four  hours,  so  that  every  side  of  the 
celestial  sphere  is  in  succession  exposed  to  his  view.  As  he  is  carried 
upon  the  side  opposite  to  that  in  which  the  sun  is  placed,  he  sees 
the  starry  heavens  visible  in  the  absence  of  the  splendour  of  that 
luminary.  As  he  is  turned  gradually  towards  the  side  where  the 
sun  is  placed,  its  light  begins  to  appear  in  the  firmament,  the  dawn 
of  morning  is  manifested,  and  the  globe  continuing  to  tum,  he  is 
brought  into  view  of  the  luminary  itself,  and  all  the  phenomoui  of 
dawn,  morning,  and  sunrise  are  exhibited.  While  he  is  directed 
towards  the  side  of  the  firmament  in  which  the  sun  is  placed,  the 
other  bodies  of  inferior  lustre  are  lost  in  the  splendour  of  that  lumi- 
nary, and  all  the  phenomena  of  day  are  exhibited.  When  by  the 
continued  rotation  of  the  globe  the  observer  begins  to  be  turned 
away  from  the  direction  of  the  sun,  that  luminary  declines,  and  at 
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length  diBappean,  producing  all  the  phenomena  of  evening  and  sun- 
set 

Soeh,  in  general,  are  the  effects  which  would  attend  the  motion 
of  a  spectator  placed  upon  the  earth's  surface^  and  carried  round  with 
it  hy  its  motion  of  rotation.  He  is  the  spectator  of  a  gorgeous 
dionma  exhibited  on  a  vast  scale,  the  earth  which  forms  his  station 
being  the  revolidng  stage  by  which  heis  cairied  round,  so  as  to  view 
in  succession  the  spectacle  which  surrounds  hiuL 

These  appearances  vary  with  the  position  assumed  by  the  observer 
on  this  revolving  stage,  or,  in  other  words,  upon  his  situation  on  the 
earth,  as  will  presently  appear. 

109.  Tho  eartli*a  azla. — ^That  diameter  upon  which  it  is  neces- 
eaiy  to  suppose  the  earth  to  revolve  in  order  to  explain  the  pheno- 
mena is  that  which  passes  through  the  terrestrial  poles. 

1 1  a  The  terrestrial  aqQator,  pplesv  and  mariOiaiia. — If  the 

g^obe  of  the  earth  be  imagined  to  be  cut  by  a  plane  passing  through 

its  centre  at  right  angles  to  its  axis,  such  a  plane  will  meet  lixe 

.  surface  in  a  circle,  which  will  divide  it  into  two  hemispheres,  at  the 

summits  of  which  the  poles  are  situate.    This  circle  is  called  tJie 

XEX&E8TRIAL  XaUATOB. 

That  hemisphere  which  includes  the  Continent  of  Europe  is 
called  the  vobthxkn  hkmisphebe,  and  the  pole  which  it  includes 
is  called  the  kobthsbv  te&restbial  pole  ;  the  other  hemisphere 
being  the  southbsn  hexxbphe&b,  and  including  the  southern 

7XRBB8TBIAL  POLE. 

If  the  BurfEfcce  of  the  earth  be  imagined  to  be  intersected  by  planes 
passing  through  its  axis,  they  will  meet  the  surface  in  circles  which, 
passing  through  the  poles,  will  be  at  right  angles  to  the  equator. 
These  circles  are  called  tesbbsteial  MKRrPTAys,  and  will  be  seen 
delineated  on  any  ordinaiy  terrestrial  globe. 

111.  &«tltade  aad  loiiffltade. — The  positions  of  places  upon 
the  surfisce  of  the  earth  are  expressed  and  indicated  by  stating  their 
distance  nort^  or  south  of  the  equator,  measured  upon  a  meridian 
passing  tiirough  them,  and  by  the  distance  of  such  meridian  east  or 
west  of  some  fixed  meridian  arbitrarily  selected,  such  as  the  me- 
ridian passing  through  the  observatory  at  Greenwich.  The  former 
distance,  expressed  in  degrees,  minutes,  and  seconds,  is  called  the 
Latititdb,  and  the  latter,  similarly  expressed,  the  Lovgitude  of 
thephice. 

112.  Vised  merldlMis  —  tHese  of  Oreenwloli  and  Farls.  — 
As  no  natural  phenomenon  is  found  by  which  a  fixed  meridian  from 
which  longitude  is  measured  can  be  determined,  astronomers  and 
geographers  have  not  agreed  in  the  arbitrary  selection  of  one.  The 
meridians  of  the  Greenwich  and  Paris  observatories  have  been 
taken,  the  former  by  English,  and  the  latter  by  French  authorities, 
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as  the  starfcmg-point  To  reduce  the  longitudes  expressed  hf 
either  to  the  other,  it  is  only  necessaiy  to  add  or  suhtract  the  angle 
under  the  meridians  of  the  two  ohservatories,  the  moet  recent  detes^ 
mination  of  which  has  been  ascertained  to  be  2^  2&  g'^'Sf  ^® 
meridian  of  Paris  being  east  of  that  of  Greenwich. 

1 1 3.  Bow  the  dlnniAl  plMnomeaa  rmrj  witb  tbe  tetttnOA. 
— Let  82S  v%Jig.  34,  represent  the  eaiih  suspended  in  space,  sur- 
rounded at  an  immeasurable  distance  bj  the  stellar  universe.  The 
magnitude  of  the  earth  being  absolutely  insignificant  compared 
with  the  distances  of  the  stars,  the  aspect  of  these  will  be  the  1 


F»«.  34. 


whether  they  are  viewed  from  any  point  on  its  surface,  or  from  its 
centre.    The  observer  may  therefore,  whatever  be  his  position  6n 
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the  earth,  be  oonaidered  M  looking  from  the  oentie  of  the  celestial 
^here. 

Let  ua  soppoee,  in  the  first  place,  the  obsenrer  to  be  at  o,  apoint 
on  ita  snr&ce  between  the  equator  jb  and  the  north  pole  ir,  the  lati- 
tode  of  which  will  therefore  be  o  jb,  and  will  be  measured  bj  the 
angle  ocs.  If  a  line  be  imagined  to  be  drawn  from  the  centre  0 
throogh  the  place  0  of  the  observery  and  continued  upwards  to  the 
firmament^  it  will  airiye  at  the  point  z,  which  is  the  zenith  of  the 
obaeiTer.  If  the  terrestrial  axis  8N  be  imagined  to  be  continued 
to  the  fizmamenty  it  will  anriye  at  the  north  celestial  pole  n  and  the 
sooth  celestial  pole  a.  If  the  plane  of  the  terrestrial  equator  2  q  be 
supposed  to  be  continued  to  the  heavens,  it  will  intersect  the  surface 
of  the  celestial  sphere  at  the  celestial  equator  aq. 

The  observer  placed  at  0  will  see  the  entire  hemisphere  hzh^  of 
which  his  zenith  z  is  the  summit;  and  the  other  hemisphere  hshf 
will  be  invisible  to  him,  being  in  fact  concealed  from  lus  view  by 
the  earth  on  which  he  stands. 

It  is  evident  that  the  arc  of  the  heavens  zn  between  his  zenith 
fUid  the  north  ct^le^tiol  pol^j  consists  of  the  same  number  of  degrees 
A^  the  arc  ON  of  tbe  t&mr.Htrial  meridian  between  his  place  of  ob- 
wrratton  o  and  the  north  terrestrial  pole  n.  The  zenith  distance 
in^e  of  ttit)  visible  ptjle  at  any  place  is  always  equal  to  the  actual 
I  expj^g^d  in  degrees  of  that  place  from  the  terrestrial  pole, 
laa  this  distance  is  the  cohflekent  *  op  the  latitude,  it 
r  that  the  zenith  d Stance  of  the  visible  pole  is  the  comple- 
Bl  of  the  ktit^de,  And  that  the  altitude  of  the  visible  pole  is  equal 
to  the  latitudes  of  the  place. 

114.  SKetli^d  of  flndiaiTtbe  latltade  of  tlie  plaoe. —  The 
Utitud<?  of  the  place  of  oh^rvation  may  therefore  be  always  deterr 
mmtd  if  th«  altitudt^  of  1 1  lh  celestial  pole  can  be  observed.  If  there 
P»epe  any  star  situate  prnrisely  at  the  pole,  it  would  therefore  be 
■u£cic?nt  to  ubdtne  it^  alt  iiude.  There  is,  however,  no  star  exactly 
althe  pole,  although,  as  hns  be^i  already  observed,  the  pole  stab  is 
vyjy  raehr  i  I,  The  aJ ti  t  ud  u  a  ►f  the  pole  is  found,  therefore,  not  by  one, 
but  by  two  obeervations.  The  pole  star,  or  any  other  star  situate 
near  the  pole,  is  carried  round  it  in  a  circle  by  the  apparent  diurnal 
motion  of  the  sphere,  and  it  necessarily  crosses  the  meridian  twice 
in  each  revolution,  once  above,  and  once  below  the  pole.  Its  sltitude 
in  the  latter  position  is  the  lead,  and  in  the  former  the  greatest  it 
ever  has  ;  and  the  pole  itself  is  just  midway  between  these  two  ex- 
treme positions  of  this  circumpolar  star.  To  find  the  actual  altitude 
of  the  pole^  it  is  only  necessary  therefore  to  take  the  mean,  that  is, 

*  The  oomplement  of  an  angle  or  arc  is  that  nnmber  of  degrees  by  whieh 
H  diffen  firom  90P.    Thns  30^  is  the  complement  of  60O, 
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hdf  the  mm  of  these  two  extreme  altitudes.  By  making  ihe  same 
observations  with  several  circumpolar  stars,  and  taking  a  mean  of 
the  whole,  still  greater  accuracy  may  be  attained. 

115.  Vosttloii  of  eelastfal  equator  aaa  pales  ▼ariea  ^rltti 
^e  latltnae. —  Since  the  altitude  of  the  celestial  pole  is  ererj- 
where  equal  to  the  latitude  of  the  place,  and  since  the  position  of 
the  celestial  equator  and  its  parallels  in  which  all  celestial  objecta 
appear  to  be  moved  by  the  diurnal  rotation,  varies  with  that  of  the 
pole,  it  is  evident  that  the  celestial  sphere  must  present  a  difierent 
appearance  to  the  observer  at  eveiy  different  latitude.  In  proceed- 
ing towards  the  terrestrial  pole,  the  celestial  pole  will  gradually 
approach  the  zenith,  until  we  arrive  at  the  terrestrial  pole,  when 
it  will  actually  coincide  with  that  point ;  and  in  proceeding  towards 
the  terrestrial  equator  the  celestial  pole  will  gradually  descend 
towards  the  horizon,  and  on  arriving  at  the  Line  it  will  be  actually 
on  the  horizon. 

1 1 6.  Parallel  apliere  seen  at  the  polea. — At  the  poles,  there- 
fore, the  celestial  pole  being  in  the  zenith,  the  celestial  equator 
will  coincide  with  the  horizon,  and  by  the  diunial  motion  all  objects 
will  move  in  circles  parallel  to  the  horizon.  Every  object  will 
therefore  preserve  during  twenty-four  hours  the  same  altitude  and 
the  same  zenith  distance.  No  object  will  either  rise  or  set,  at  least 
so  far  as  the  diurnal  motion  is  concerned. 

This  aspect  of  the  firmament  is  called  a  paballsl  sfkebe,  tiie 
motion  being  parallel  to  the  horizon. 

117.  Rlrlit  apliere  seen  at  the  equator. — At  the  terreetrial 
equator,  the  poles  being  upon  the  horizon,  the  axis  of  the  celestial 
sphere  vnll  coincide  with  a  line  drawn  upon  the  plane  of  the  horizon 
connecting  the  north  and  south  points.  The  celestial  equator  and  its 
parallels  will  be  at  right  angles  to  the  plane  of  the  horizon ;  and 
since  the  plane  of  the  horizon  passes  through  the  centre  of  idl  the 
parallels,  it  will  divide  them  all  into  equal  semicircles. 

It  follows,  therefore,  that  all  objects  on  the  heavens  will  be  equal 
times  above  and  below  the  horizon,  and  that  they  will  rise  and  set  in 
planes  perpendicular  to  the  horizon. 

This  aspect  of  the  firmament  is  called  a  right  sphere,  the  diurnal 
motion  being  at  right  angles  to  the  horizon. 

1 1 8.  Oblique  sphere  seen  at  Intermediate  latitudes.  — At 
latitudes  between  the  equator  and  pole,  the  celestial  pole  holds  a 
place  between  the  horizon  and  the  zenith  determined  by  the  latitude. 
The  celestial  equator  «  q,J^»  34,  and  its  parallels,  are  inclined  to 
the  plane  of  the  horizon  at  angles  equal  to  the  distance  of  the  pole 
from  the  zenith,  and  therefore  equal  to  the  complement  of  the  la- 
titude. The  centres  of  all  parallels  to  the  celestial  equator  m  q 
which  are  between  it  and  the  visible  pole  are  above  the  ]^ane  of  tl^e 
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hanaoiif  betwe^i  0  and  v,  and  the  centres  of  all  parallela  at  the  other 
add  of  the  equator  below  it.  The  parallelfl,  such  ba  V  m'  and 
/  m,  will  therefore  be  all  divided  unequally  bj  the  plane  of  the 
borixoD,  the  Tiaible  part  V  r^  being  greater  than  the  invisible  part 
wfr^iat  the  former,  and  the  invisible  part  m  r  greater  than  the 
visible  part  /  r  for.  the  latter. 

It  follows^  therefore,  that  all  objects  between  the  celestial  equator 
«  q  and  the  visible  pole  K  vnll  be  longer  above  than  below  the  ho- 
lixon,  and  all  objects  on  the  other  side  of  the  equator  will  be 
longer  bdow  the  horizon  than  above  it. 

A  pazalld  A'  A/  to  the  celestial  equator,  whose  distance  from  the 
viable  pole  is  equal  to  the  latitude,  will  be  entirely  above  the  ho^ 
nzon,  just  touching  it  at  the  point  under  the  visible  pole ;  and  a 
corresponding  parallel  A  ^,  at  an  equal  distance  from  the  invisible 
pde,  will  be  entirely  below  the  horizon,  just  touching  it  at  the  point 
above  the  invisible  pole. 

All  parallels  nearer  to  the  visible  pole  than  hf  Vf  will  be  entirely 
above  the  horizon,  and  all  parallels  nearer  to  the  invisible  pole  than 
A  h  will  be  entirely  below  it 

Henoe  it  is  that,  in  European  latitudes,  stars  within  a  certain 
Hmiited  distance  of  the  north  or  visible  celestial  pole  never  set,  and 
stars  at  a  corresponding  distance  from  the  south  or  invisible  celestial 
pde  never  rise. 

The  observer  can  only  see  these  by  going  to  places  of  observation 
having  lovrer  latitudes. 

This  aspect  of  the  firmament  is  called  an  OBuauE  sphere,  the 
diurnal  motion  being  oblique  to  the  horizon. 

119.  Otjeots  in  eeleatlal  equator  eqnal  times  aber^  aaa 
below  toofliaoa. — Whether  the  sphere  be  right  or  oblique,  the 
centre  of  the  celestial  equator  being  on  the  plane  of  the  horizon, 
one  half  of  that  circle  will  be  below,  and  the  other  above  the  horizon. 
Every  object  upon  it  will  therefore  be  equal  times  above  and 
below  the  horizon^  rinng  and  setting  exactly  at  the  east  and  west 
points. 

In  the  parallel  sphere,  the  celestial  equator  cohiciding  with  the 
horizon,  an  object  upon  it  vnll  be  carried  round  the  horizon  by  the 
diurnal  rotation,  wi^out  either  rising  or  setting.* 

12a  Methoa  of  determiniBff  the  lonfltaae  of  places. — 
This  perfect  uniformity  of  the  earth's  rotation,  inferred  from  the 

*  The  teacher  will  find  it  advantageons  to  exercise  the  student  in  the  sub- 
ject of  the  preceding  paragraphs,  aided  by  an  armillary  sphere,  or,  if  that  be 
Dot  aoceadble,  by  a  celestial  globe,  which  will  serve  nearly  n  well.  Many 
qaestkms  will  suggest  themselves,  ariung  oat  of  and  dedodble  flrom  what 
has  been  explained  above,  with  respect  to  the  varioos  altitudes  of  the  sphere 
in  dilbrent  latitudes. 
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obeeired  uniformity  of  the  appaient  rotaticm  ci  the  fixmament,  10 
the  besis  of  all  methods  <^  determining  the  longitade.  The  longi- 
tude of  a  place  will  be  determined  if  ^e  angle  und^  the  meridiaii 
of  the  place^  and  that  of  any  other  place  whoae  longitude  ia  known, 
can  be  found.  But  since^  bj  the  uniform  rotation  of  the  globe,  the 
meridians  ci  all  places  upon  it  are  brought  in  regular  succession 
under  every  part  of  the  firmament,  the  moments  at  which  the  two 
meridians  pass  under  the  same  star,  or,  what  is  the  same,  the  mo- 
ments at  which  the  same  star  is  seen  to  pass  over  thetwomoridiana, 
being  observed,  the  interval  will  bear  the  same  ratio  to  the  entire 
time  of  the  earth's  rotation  as  the  difference  of  the  longitudes  of  the 
two  places  bears  to  360*^. 

To  make  this  more  clear,  let  us  take  the  ease  of  two  places  p  and 

^tJ^'  35;  ^po^  ^^  equator.    If  c  be  the  centre  of  the  earth,  the 

angle  pop'  will  be  the  difference  between 

--p —    the  longitudes.    Now,  let  the  time  be  ob- 

/       '  served  at  each  place  at  which  any  parti- 

/  cular  star  a  is  seen  upon  the  meridian.     If 

/  the  motion  of  the  earth  be  in  the  direction 

/  of  the  aiTow,  the  meridian  of  P  will  come 

/  to  the  star  before  the  meridian  of  p'.    This 

/  necessarily  supposes  P  to  be  east  of  p',  since 

/  the  earth  revolves  from  west  to  east.     Let 

/  the  true   interval  of  time   between  the 

/  passage  of  8  over  the  two  meridians  be  t, 

let  T  be  the  time  of  one  complete  revolution 

of  the  globe  on  its  axis,  and  let  L  be  the 

difference  of  the  longitudes,  or  the  angle 

r  c  p'j  we  shall  then  have 

<:  T  ::  L  :  360**, 

But  in  the  practical  solution  of  this  problem  a  difficulty  is  presented 
which  has  conferred  historical  celebrity  upon  the  question,  and 
caused  it  to  be  referred  to  as  the  type  of  all  difficult  enquiries.  It 
is  supposed,  in  what  has  just  been  explained,  that  means  are  pro- 
vided at  the  two  places  p  and  p'  by  which  the  absolute  moments  of 
the  transit  of  the  star  over  the  respective  meridians  may  be  ascer- 
tained, so  as  to  give  the  exact  interval  between  them.  If  these  times 
of  transit  be  observed  by  any  form  of  chronometer,  it  woxdd  then  be 
necessary  that  the  two  chronometers  should  be  in  exact  accordance, 
or,  what  is  the  seme,  that  their  exact  difference  may  be  known. 
If  a  chronometer,  set  correctly  by  another  which  is  stationary  at 
one  place  P,  be  transported  to  Uie  other  place  P';  this  objectwilI.be 
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attaSaedf  sabjecty  howerer,  to  the  error  which  may  be  incidental  to 
the  rate  of  the  chronometer  thus  transported.  If  the  distence  be- 
tween the  places  be  not  considerable,  the  chronometers  may  thus 
be  faioaght  into  yeiy  exact  accordance;  but  when  the  distance  is 
giest^  and  that  a  long  interval  must  elapse  .during  the  transport 
of  the  chronometer,  this  expedient  is  subject  to  errors  too  ccm- 
nderaUe  to  be  tolerated  in  the  solution  of  a  problem  of  such  capital 
importance.* 

It  will  be  apparent  that  tiie  real  object  to  be  attained  is,  to  find 
some  phenomenon  sufficiently  instantaneous  in  its  manifestation  to 
mark,  whh  all  the  necessary  precision,  a  certain  moment  of  time. 
Such  a  phenomenon  would  be,  for  example,  the  sudden  extinction 
of  a  conspicuous  light  seen  at  once  at  haOi  places.  The  moment 
of  such  a  phenomraion  being  obserred  by  means  of  two  chrono- 
meteiB  at  ^e  places,  the  diffiBrence  of  the  times  indicated  by  them 
would  be  known,  and  they  would  then  serve  for  the  determination 
of  the  difference  of  the  longitudes  by  ^e  method  explained  abov^s. 
Several  phenomena,  both  terrestrial  and  celestial,  have  accordingly 
been  used  for  this  purpose.  Among  the  former  may  be  mentioned 
the  sadden  extinction  of  the  oxyhydrogen  or  electric  light,  the  ex- 
plosion of  a  rocket,  &c. ;  among  the  latter,  the  extinction  of  a  star 
by  tiie  disk  of  the  moon  passing  over  it,  and  the  eclipse  of  the 
satellitea}  of  Jupiter,  phenomena  which  will  be  more  fully  noticed 
hereafter. 

121.  &viiar  method  of  flndtny  tlie  longltade. — The  change 
of  podtdon  of  the  moon  with  relation  to  the  sim  and  stars  being 
very  rapid,  afibrds  another  phenomenon  which  has  been  found  of 
great  utility  in  the  determination  of  the  longitude,  especially  for 
the  purposes  of  mariners.  Tables  are  calculated  in  which  the 
moon's  apparent  distances  from  the  sun,  and  many  of  the  most 
conspicuous  fixed  stars,  are  given  for  short  intervals  of  time,  nnd 
ihe  exact  times  at  Greenwidi  when  the  moon  has  these  distances 
are  given.  If  then  the  mariner,  observing  with  proper  instruments 
the  position  of  the  moon  with  relation  to  these  objects,  compares 
lus  observed  distances  with  the  tables  which  are  supplied  to  him  in 
the  Nautical  Almanac,  he  will  find  the  time  at  Greenwich  corres- 
ponding to  the  moment  of  his  observation;  and  being  always,  by 
the  ordinary  methods,  able  to  determine  by  observation  the  local 
time  at  the  place  of  his  observation,  the  difierence  gives  him  the 
time  required  for  a  star  to  pass  from  the  meridian  of  Greenwich  to 

*  Daring  the  detennioation  of  the  longitude  of  the  island  of  Valencia,  on 
tiie  veetern  coast  of  Ireland,  in  the  year  1844,  which  was  perfortned  by 
truMporttng  a  considerable  number  of  chronometers  between  Greenwich  and 
that  island,  it  was  found  that  the  effect  of  travelling  on  pocket  chronometers, 
carafnllj  packed,  was  to  cause  them  to  looe  0^7  per  day  over  their  sUtionary 
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the  meridian  of  the  place  of  hia  obserration;  or  vice  vend ;  and  this 
time  gives  the  longitude,  as  already  explained. 
This  last  is  known  as  the  Lukab  method  of  DSTEBMnmre  the 

LONOITUDE. 

In  practice,  many  details  are  necessary,  and  yarioos  calculations 
must  be  made,  which  cannot  be  explained  here. 

122.  Metbod  by  the  elaetrio  taleirapli.  —  The  determina- 
tion of  differences  of  longitude  by  the  aid  of  galvanism,  when  the 
two  observing  stations  are  connected  by  a  line  of  electric  telegraph, 
has  been  generally  adopted  since  the  year  1853,  not  only  for  the 
simplicity  of  the  method  of  observation,  but  for  the  great  accuracy 
of  the  result  obtained.  A  galvanic  signal  is  transmitted  from 
one  station  to  the  other,  causing  a  simultaneous  deflection  of  a 
magnetic  needle  at  the  two  stations,  the  exact  instant  of  which  is 
recorded  by  an  observer.  These  signals  are  generally  continued 
through  an  interval  of  time  previously  agreed  upon,  which  in  most 
cases  is  one  hour.  To  destroy  the  efiect  of  a  constant  eiror 
arising  from  the  retardation  of  the  galvanic  current,  which  would 
result  if  all  the  signals  were  sent  from  one  station,  it  is  the 
general  rule  that  during  the  first  quarter  of  an  hour  the  signals  are 
made  at  one  station,  as  at  Oreenwich  for  instance ;  during  the 
second  quarter  they  are  transmitted  from  the  other  station,  such  as 
Paris ;  in  the  third  quarter,  Greenwich  would  signal ;  and  in  the 
last,  the  signals  would  be  received  from  Paris. 

The  true  sidereal  time  at  which  the  signal  was  observed  is  found 
by  carefrdly  determining  the  error  of  Uie  clock  by  transits  of  a 
series  of  special  stars  wUch  are  curved  if  possible  at  the  two  ob- 
servatories. The  difference  of  longitude  is  thus  easily  obtained  by 
simply  taking  the  difference  between  the  sidereal  times  correspond- 
ing to  the  respective  signals  observed  at  the  two  stations. 

In  observatories  which  have  adopted  the  chronogmphic  method 
of  recording  transits,  the  results  may  be  made  still  more  accurate  by 
a  simultaneous  registration  of  the  galvanic  signals  on  the  apparatus 
at  both  stations.  Owing,  however,  to  the  difficulty  of  obtaining  a 
proper  apparatus,  this  method  has  not  yet  been  generally  used, 
though  a  successful  determination  of  the  diflerence  of  longitude  be- 
tween Greenwich  and  Edinburgh  has  been  made. 

123.  Parmllela  of  latltaae. — A  series  of  points  on  the  earth 
which  are  at  equal  distances  from  the  equator,  or  which  have  the 
same  latitude,  form  a  circle  parallel  to  the  equator,  called  a 

PARALLEL  OP  LATUTTDB. 

Thus  all  places  which  have  the  same  latitude  are  on  the  same 
parallel 

All  places  which  are  on  the  same  meridian  have  the  same  longi- 
,^ide. 
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CHAPTER  Vn. 

AJflfUAL  MOTION  OF  THB  EARTH. 

124.  ^.pparent  nuitlon  of  tlie  sun  in  the  baaTens. — Inde- 
pendently of  the  motion  which  the  sun  has  in  common  with  the 
entire  firmament,  and  in  virtue  of  which  it  rises,  ascends  to  the 
meridian,  and  sets,  it  is  ohserved  to  change  its  position  from  day  to 
day  with  relation  to  the  other  celestial  objects  among  which  it  is 
placed.  In  this  respect,  therefore,  it  differs  essentially  from  the 
stars,  which  maintain  their  relative  positions  for  months,  years, 
and  ages,  unaltered. 

If  the  exact  position  of  the  son  be  observed  from  day  to  day  and 
ftova.  month  to  month,  through  the  year,  with  reference  to  the 
stars,  it  will  be  found  that  it  has  an  apparent  motion  among  them 
in  a  great  circle  of  the  celestial  sphere,  the  plane  of  which  forms 
an  an^e  of  23®  28'  with  the  plane  of  the  celestial  equator. 

125.  Asoertalned  by  tlie  transit  Instrument  ana  mnral 
circle. — ^This  apparent  motion  of  the  sun  was  ascertained  with 
considerable  precision  before  the  invention  of  the  telescope  and  the 
nibsequent  and  consequent  improvement  of  the  instruments  of 
observation.  It  may,  however,  be  made  more  clearly  manifest  by 
the  transit  instrument  and  mural  circle. 

If  the  transit  of  the  sun  be  observed  daily  (28),  and  its  right 
ascension  be  ascertained  (3 1 ),  it  will  be  found  that  fiY)m  day  to  day 
the  ri^t  ascension  continually  increases,  so  that  the  circle  of  de- 
clination (30)  passing  through  the  centre  of  the  sun  is  carried  with 
the  sun  round  the  heavens,  making  a  complete  revolution  in  a  year, 
and  moving  constantly  from  west  to  east,  or  in  a  direction  contrary 
to  the  apparent  diurnal  motion  of  the  firmament. 

If  the  point  at  which  the  sun's  centre  crosses  the  meridian  daily 
be  observed  with  the  mural  circle  (34),  it  will  be  found  to  change 
from  day  to  day.  Let  its  distance  from  the  celestial  equator,  or 
its  declination,  be  observed  (41)  daily  at  noon.  It  will  be  found 
to  be  nothing  on  the  21st  of  March  and  21st  of  September,  on 
which  days  the  polar  distance  of  the  sun's  centre  will  be  therefore 
90^.  The  sun's  centre  is,  then,  on  these  days,  in  the  celestial 
equator.  After  the  2 1  st  of  March  the  sun's  centre  will  be  north  of 
the  equator,  and  its  declination  will  continually  increase,  untLL  it 
becomes  23®  28'  on  the  2 1  st  of  June.  It  will  then  begin  slowly  to 
decrease,  and  will  continue  to  decrease  until  the  2 1  st  of  September, 
when  the  centre  of  the  stm  will  again  be  in  the  equator.  Aiter  that 
it  will  pass  the  nieridian  south  of  the  equator,  and  will  consequently 
have  south  declination.    This  will  increase^  until  it  becomes  23^28' 
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on  the  2i8t  of  December;  after  which  it  will  decrease  tmtil  tlie 
centre  of  the  sun  retama  to  the  equator  on  the  21st  of  March. 

Bj  aacertaining  the  position  of  the  centre  of  the  aun's  diak  firom 
day  to  day,  by  means  of  its  rij^ht  ascension  and  declination  (42), 
and  tracing  its  course  upon  the  surface  of  a  celestial  globe,  its  path 
is  proved  to  be  a  great  circle  of  the  heavens,  inclined  to  the 
equator  at  an  angle  of  23^  28'. 

126.  Tbe  eollptlo* — This  great  circle  in  which  the  centre  of 
the  disk  of  the  sun  thus  appears  to  move,  completing  its  revolution 
in  it  in  a  year,  is  called  the  Ecupnc,  because  solar  and  lunar  edipaes 
can  never  take  place  except  when  tiie  moon  is  in  or  veiy  near  it. 

127.  Tbe  equinozlal  points.  —  The  ecliptic  intersects  the 
celestial  equator  at  two  points  diametrically  opposite  to  each  other, 
dividing  the  equator,  and  being  divided  by  it  into  equal  parts. 
These  are  called  the  BauiKOXiAL  ponrrs,  because,  when  the  centre 
of  the  solar  disk  arrives  at  them,  being  then  in  the  celestial 
equator,  the  sun  will  be  equal  times  above  and  below  the  horizon 
(119),  and  the  days  and  nights  will  be  equal. 

1 28.  Tbe  Temal  and  autnnuial  equiaozee. — The  equinoxial 
point  at  which  the  sun  passes  from  the  south  to  the  north  of  the 
celestial  equator  is  called  the  vsrnal,  and  that  at  which  it  passes 
from  the  north  to  the  south  is  called  the  axttijvkal,  equinoxial 
point  The  tdcbs  at  which  the  centre  of  the  sun  is  found  at 
these  points  are  called^  respectively,  the  vebnal  and  AumorAL 

BQUII70XBS. 

The  vernal  equinox,  therefore,  takes  place  on  the  21st  of  March, 
and  the  autumnal  on  the  21st  of  September. 

129.  Tbe  seaeons. — That  semicircle  of  the  ecliptic  through 
which  the  sun  moves  from  the  vernal  to  the  autumnal  equinox  is 
north  of  the  celestial  equator ;  and  during  that  interval  the  sun 
will  therefore  be  longer  above  than  below  the  horizon,  and  will 
pass  the  meridian  above  the  equator  in  places  having  north  lati- 
tude. The  days,  therefore,  during  that  half-year  will  be  longer 
than  the  nights. 

That  semicircle  through  which  the  centre  of  the  sun  moves  from  * 
the  autumnal  to  the  vernal  equinox  being  south  of  the  celestial 
equator,  the  sun,  for  like  reasons,  will  during  that  half-year  be 
longer  below  than  above  the  horizon,  and  the  days  will  be  shorter 
than  the  nights,  the  sun  rising  to  a  point  of  the  meridian  below 
the  equator. 

The  three  months  which  succeed  the  vernal  equinox  are  called 
SPRiNO,  and  those  which  precede  it  wiktjsk  ;  the  three  months 
which  precede  the  autunmal  equinox  are  called  smaasi,  and  those 
which  succeed  it  autuick. 
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150.  Vbm  ••Isttoes. — Those  points  <^  the  ecliptic  which  are 
midwftj  between  the  eqninoxial  points  are  the  most  distant  from 
ihe  celestial  equator.  The  axes  of  the  ecliptic  between  these  points 
and  the  eqninoxial  points  are  therefore  90^.  These  are  called  the 
soLSznux  POINTS,  and  the  times  at  which  the  centre  of  the  solar 
disk  passes  through  them  are  called  the  soLsncBS. 

The  summer  solstice,  therefore,  takes  place  on  the  list  of  June 
aad  the  winter  solstice  on  th^  2 1st  of  December. 

This  distance  of  the  summer  solstitial  point  north,  and  of  the 
winter  solstitial  point  south  of  the  celestial  equator' is  23^  28^ 

The  more  di^ant  the  centre  of  the  sun  is  from  the  celestial 
equator,  the  more  unequal  will  be  the  days  and  nights  (108),  and 
CQoaequently  the  longest  day  will  be  the  day  of  the^ummer  solstice, 
sod  the  shortest  the  day  of  the  winter  solstice. 

It  will  be  evident  that  the  seasons  must  be  reversed  in  southern 
kuitodes,  since  there  the  visible  celestial  pole  will  be  the  south 
pole.  The  summer  solstice  and  the  vernal  equinox  of  the  northern, 
•re  the  winter  solstice  and  autumnal  equinox  of  the  southern  hemi- 
iphere.  Nevertheless,  as  the  most  densely  inhabited  and  civiliseil 
psrtB  of  the  ^obe  are  in  the  northern  hemisphere,  the  names  in  tk*^ 
feraoce  to  the  local  phenomena  are  usually  preserved. 

131.  Tlie  «odt>e. — The  apparent  motions  of  the  planets  are 
included  within  a  space  of  the  celestial  sphere  extending  a  few  de- 
grees north  and  south  of  the  ecliptic  The  zone  of  the  heavens  in- 
duded  within  these  limits  is  called  the  zodiac. 

132.  Tlie  slffns  of  the  soOlae. — The  circle  of  the  zodiac  is 
diTided  into  twelve  equal  parts,  called  signs,  each  of  which  there- 
fore measures  30^  ^ey  are  named  from  principal  constellations, 
or  gionpa  of  stars,  which  are  placed  in  or  near  them.  Beginning 
bom  the  vernal  eqninoxial  point  they  are  as  follows:  — 


I.  Arict  (tb«  nwn)  - 
X-  Taunu  (tba  bull)  - 
).  G«cDioi  (the  cvin») 
4-  CaacM-  (the  er«b)  - 
S- U>(theH<m) 
&•  Vlrfo(UMvirfiD) 


J.  Libni  (the  b«1ance) 
.  Scorpio  (the  scorpion)     • 
9.  Saglitartut  (the  archer)  • 

10  Caprlcornut  (the  goat)     - 

11  Aquarius  (the  waterman) 
i».  Pisces  (the  fishes) 


-  m 

-  / 


Thus,  the  position  of  the  vernal  eqninoxial  point  is  the  FIBST 
Ponrr  op  aries,  and  that  of  the  autumnal  the  fibst  point  op 
UBRi.  The  summer  solstitial  point  is  at  the  fibst  point  of  oanceb, 
and  the  winter  at  the  fibst  ponn;  of  capbioobn. 

133.  Tbe  tropics. — The  points  of  the  ecliptic  at  which  the 
cen^  of  the  sun  is  most  distant  from  the  celestial  equator  are  also 
culled  the  tropkts, — the  northern  being  the  tbopic  of  cangbb,  and 
^  toathem  the  tbopio  of  capbicobn. 
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This  term  tbopic  is  also  applied  in  geographj  to  those  parts'  of 
the  earth  whose  distances  from  the  terrestrial  equator  are  equal  to 
the  greatest  distance  of  the  centre  of  the  solar  disk  from  the  celestial 
equator.  The  nosthesn  tbopic  is,  therefore,  a  paralld  of  latitude 
23°  28'  north,  and  the  southebn  tropic  a  parallel  of  latitude  23° 
28'  south  of  the  terrestrial  equator. 

134.  Celestial  latltaae  and  lonfltiide. — The  terms  latitude 
and  longitude,  as  applied  to  objects  on  the  heavens,  have  a  signi- 
fication different  from  that  given  to  them  when  applied  to  places 
upon  the  earth.  The  latitude  of  an  object  on  the  heavens  means  its 
distance  from  the  ecliptic,  measured  in  a  direction  perpendicular  to 
the  ecliptic ;  and  its  longitude  is  the  arc  of  the  ecliptic,  between  the 
first  point  of  Aries  and  tiie  circle  which  measures  its  latitude,  taken, 
like  the  right  ascension,  according  to  the  order  of  the  signs. 

Thus  since  the  centre  of  the  sun  is  always  on  the  ecliptic,  its  lati- 
tude is  always  o^.  At  the  vernal  equinox  its  longitude  is  o®,  at 
the  summer  solstice  it  is  90^,  at  the'autumnal  equinox  1 80^,  and  at 
the  winter  solstice  270*^. 

135.  Anniial  motlen  of  tlia  eaitli. — The  apparent  annual 
motion  of  the  sun,  described  above,  is  a  phenomenon  which  can  only 
proceed  from  one  or  other  of  two  causes.  It  may  arise  from  a 
real  annual  revolution  of  the  sun  round  tiie  earth  at  rest,  or  from  a 
real  revolution  of  the  earth  round  the  sun  at  rest  Either  of  these 
causes  would  explain,  in  an  equally  satisfactory  manner,  all  the  cir- 
cumstances attending  the  apparent  annual  motion  ofthe  sun  around 
the  firmament  There  is  nothing  in  the  appearance  of  the  sun  itself 
which  could  give  a  greater  probability  to  either  of  these  hypotheses 
than  to  the  other.  If,  therefore,  we  are  to  choose  between  ihem, 
we  must  seek  the  grounds  of  choice  in  some  other  circumstances. 

It  was  not  until  the  revival  of  letters  that  the  annual  motion  of 
the  earth  was  admitted.  Its  apparent  stability  and  repose  were 
until  then  universally  maintained.  An  opinion  so  long  and  so 
deeply  rooted  must  have  had  some  natural  and  intelligible  groimde. 
These  grounds,  undoubtedly,  are  to  be  found  only  in  the  general 
impression,  that  if  the  globe  moved,  and  especially  if  its  motion  had 
so  enormous  a  velocity  as  must  be  imputed  to  it,  on  the  supposition 
that  it  moves  annually  round  the  sun^  we  must  in  some  way  or  other 
be  sensible  of  such  movement 

All  the  reasons,  however,  why  we  are  unconscious  of  the  real 
rotation  of  the  earth  upon  its  axis  (102)  are  equally  applicable  to 
show  why  we  must  be  imconscious  of  the  progressive  motion  of 
the  earth  in  its  annual  course  round  the  sun.  The  motion  of  the 
globe  through  space  being  perfectly  smooth  and  imiform^  we  can 
have  no  sensible  means  of  knowing  it,  except  those  which  we  possess 
in  the  case  of  a  boat  moving  smoot^y  olong  a  river:  that  la,  by 
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lookiDg  abroad  at  some  external  objects  whicb  do  not  participate  in 
the  motion  imputed  to  the  earth.  Now^  when  we  do  look  abroad 
at  such  object^  we  find  that  they  appear  to  move  exactly  aa  sta- 
tiooaij  objects  would  appear  to  move,  seen  from  a  movable  station. 
It  is  plain,  then,  if  it  be  true  that  the  earth  really  has  the  annual 
modon  round  the  sun  which  is  contended  for,  that  we  cannot  expect 
to  be  conscious  of  this  motion  from  anything  which  can  be  observed 
on  oar  own  bodies  or  those  which  surroimd  us  on  the  surface  of  the 
earth:  we  must  look  for  it  elsewhere. 

But  it  will  be  contended  that  the  apparent  motion  of  the  sun, 
even  upon  the  argument  just  stated,  may  equally  be  explained  by 
the  motion  of  the  earth  round  the  sun,  or  the  motion  of  the  sim 
round  the  earth ;  and  that,  therefore,  this  appearance  can  still  prove 
nothing  positively  on  this  question.  We  have,  however,  other 
proofo,  of  a  very  decisive  character. 

Newton  showed  that  it  was  a  general  law  of  nature,  and  part, 
in  &ct,  of  the  principle  of  gravitation,  that  any  two  globes  placed 
at  a  distance  from  each  other,  if  they  are  in  the  first  instance 
quiescent  and  free,  must  move  with  an  accelerated  motion  to  their 
common  centre  of  gravity,  where  they  will  meet  and  coalesce ;  but 
if  they  be  projected  in  a  direction  not  passing  through  this  centre  of 
gravity,  they  will  both  of  them  revolve  in  orbits  around  that  point 
periodically. 

Now  the  common  centre  of  gravity  of  the  earth  and  sun,  owing 
to  the  immense  preponderance  of  the  mass  of  the  sun  (M.309  ),  is 
placed  at  a  point  veiy  near  the  centre  of  the  sun.  Round  that, 
point,  therefore,  the  earth  must,  according  to  this  principle, 
revolve. 

1 3  6.  Motion  of  llrlit  proToa  the  annnal  motion  of  tlio  earth. 
—Since  the  principle  of  gravitation  itself  might  be  considered  as 
aore  or  less  hypothetical,  it  has  been  considered  desirable  to  find 
other  independent  and  more  direct  proofs  of  a  phenomenon,  so 
fundamentaUy  important  and  so  contrary  to  the  first  impressions  of 
'D'uikind,  as  the  revolution  of  the  earth  and  the  quiescence  of 
^e  sun.  A  remarkable  evidence  of  this  motion  has  been  accordingly 
discovered  in  a  vast  body  of  apparently  complicated  phenomena 
^hich  are  the  immediate  efiects  of  such  a  motion,  which  could  not 
be  explained  if  the  earth  were  at  rest  and  the  sun  in  motion,  and 
^hich  would  be  inexplicable  on  any  other  supposition  save  the 
revolution  of  the  earth  round  the  sun. 

It  has  been  ascertained  that  light  is  propagated  through  space 
^th  a  certam  great  but  definite  velocity  of  about  184,000  miles 
per  second.  That  light  has  this  velocity  is  proved  by  the  body  of 
optical  phenomena  T*rhich  cannot  be  explained  without  imputing 

^  it  such  a  motion,  and  which  are  perfectly  explicable  if  such  a 

H 
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motion  be  admitted.  Independently  of  this,  another  demonatration 
that  light  moTes  with  this  velocity  is  supplied  by  an  astronomical 
phenomenon  which  will  be  noticed  in  a  subsequent  part  of  tiiis 
volume. 

137.  Abenratton  of  lifHt.  —  Assuming,  then,  the  velocity  of 
light,  and  that  the  earth  is  in  motion  in  an  orbit  round  the  sun  with  a 
velocity  of  about  1 9  miles  per  second,  which  must  be  its  speed  if  it 
move  at  all,  as  will  hereafter  appear,  an  effect  would  be  produced 
upon  the  apparent  places  of  all  celestial  objects  by  the  combination 
of  these  two  motions  which  we  shall  now  explain. 

It  has  been  stated  that  the  apparent  direction  of  a  visible  object 
is  the  direction  from  which  the  visual  ray  enters  the  eye.  Now 
this  will  depend  on  the  actual  direction  of  the  ray,  if  the  eye  which 
receives  it  be  quiescent ;  but  if  the  eye  be  in  motion,  the  same  effect 
is  produced  upon  the  organ  of  sense  as  if  the  ray,  besides  the  motion 
which  is  proper  to  it,  haid  another  motion  equal  and  contraiy  to  that 
of  the  eye.  Thus,  if  light  moving  from  the  north  to  the  south  with 
a  velocity  of  184,000  miles  per  second  be  struck  by  an  eye  moving 
from  west  to  east  with  the  same  velocity,  the  efiect  produced  by  the 
light  upon  the  organ  will  be  the  same  as  if  the  eye,  being  at  rest, 
were  struck  by  the  light  having  a  motion  compounded  of  two 
equal  motions,  one  from  north  to  south,  and  the  other  frt)m  east 
to  west  The  direction  of  this  compound  effect  would,  by  the 
principles  of  the  composition  of  motion  (M.  1 72),  be  equivalent  to  a 
motion  from  the  directicm  of  the  north-east.  The  object  from  which 
the  light  comes  would,  therefore,  be  apparentiy  displaced,  and 
would  be  seen  at  a  point  beyond  that  which  it  really  occupies  in  the 
direction  in  which  the  eye  of  the  observer  is  moved.  This  displace- 
ment is  called  accordingly  the  abebbation  of  light. 

This  may  be  made  still  more  evident  by  the  following  mode  of 
illustration.  Let  o,Ji^.  36,  be  the  object  from  which  light  comes  in 
the  direction  0  o  «".  Let  e  be  the  place  of  the  eye  of  the  observer 
when  the  light  is  at  o,  and  let  the  eye  be  supposed  to  move 
from  0  to  e''  in  the  same  time  that  the  light  moves  from  o  to  e''. 
Let  a  straight  tube  be  imagined  to  be  directed  from  the  eye  at  e  to 
the  light  at  0,  so  that  the  light  shall  be  in  the  centre  of  its  opening, 
while  the,  tube  moves  with  the  eye  from  0  « to  </'  e"  maintaining 
constantiy  the  same  direction,  and  remaining  parallel  to  itself:  the 
light  in  moving  from  o  to  e^^,  will  pass  along  its  axis,  and  will  arrive 
at  «"  when  the  eye  arrives  at  that  point  Now  it  is  evident  that 
in  this  case  the  direction  in  which  the  object  would  be  visible, 
would  be  the  direction  of  the  axis  of  the  tube,  so  that,  instead  of 
appearing  in  the  direction  o  o,  which  is  its  true  direction,  it  would 
appear  in  the  direction  0  0'  advanced  from  0  in  the  direction  of 
the  motion  e  tf*  with  which  the  observer  is  affected. 
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The  motion  of  light  being  at  the  rate  of  184,000  miles  per 
eecood,  and  that  of  the  earth  (if  it  move  at  all)  at  the  rate  of  19 
miles  per  second,  it  follows,  that  the  pro-    ^ 
portion  of  o«"  to  ee^^  must  be  184,000  to     \  ; 

19,  or  10,200  to  I.  \  \ 

The  AKOLB  OF  ABERRATION  0  O  o'  will  VHiy         \  • 

with  the  obliquity  of  the  direction  e  ^'oi  the         \  \ 

obserrer's  motion  to  that  of  the  visual  raj  \         '. 

Of".    In  all  cases  the  ratio  of  o«"  to  ee"  \        \ 

will  be  10,200  to  I.    If  the  direction  of  the  \        ; 

eardi's  motion  be  at  right  angles  to  the  di-  \       • 

rection  o  c"  of  the  object  o,  we  shall  have  \      \ 

the  aberration  equal  to  20^*44.  \     1 

If  the  angle  0  6^'  0  be  oblique,  it  will  be  \    i 

oecessaiy  to  reduce  €  tf'io  its  component  at 
right  angles  to  o  tf'y  which  is  done  by  multi- 
plying it  by  the  trigonometrical  sine  of  the 
oUiquity  otf'  tfA  the  direction  of  the  object  .  \i 

to  that  of  the  earth's  motion. 

According  to  this,  the  aberration  would 
be  greatest  when  the  direction  of  the  earth's 
motion  is  at  right  angles  to  that  of  the  object^ 
and  would  decrease  as  the  angle  of  obliquity 
decreases,  being  nothing  when  the  object  is 
seen  in  the  direction  in  which  the  earth  is 
moving,  or  in  exactly  the  contrary  direction. 
The  phenomena  may  also  be  imagined  by 
considering  that  the  earth,  in  revolving  round  the  sun,  constantly 
changes  the  direction  of  its  motion ;  that  direction  making  a  com- 
plete revolution  vdth  the  earth,  it  follows  that  the  efiect  produced 
Qpon  the  apparent  place  of  a  distant  object  would  be  the  same  as  if 
that  object  really  revolved  once  in  a  year  round  its  true  place  in  a 
circle  whose  plane  would  be  parallel  to  that  of  the  earth's  orbit, 
and  whose  radius  would  subtend  at  the  earth  an  angle  of  20^^  '42, 
and  the  object  would  be  always  seen  in  such  a  circle  90^  in  advance 
of  the  earth's  place  in  its  orbit 

These  circles  would  be  reduced  by  projection  to  ellipses  of 
bfinitely  various  ezcentricities,  according  to  the  position  of  the 
oliject  with  relation  to  the  plane  of  the  earth's  orbit  At  a  point 
perpendicularly  above  that  plane.  Hie  object  would  appear  to  move 
•mmally  in  an  exact  circle.  At  points  nearer  to  the  ecliptic^  its 
apparent  path  would  be  an  ellipse,  the  excentricity  of  which  would 
increase  as  the  distance  from  the  ecliptic  would  diminish,  according 
to  definite  conditions. 
NoW;  all  these  apparent  motions  are  actually  observed  to  affect 


Fig.  36. 
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all  the  bodies  yisible  on  the  lieavens,  and  to  affect  tbem  in  precisely 
the  degree  and  direction  which  would  be  produced  by  the  annual 
motion  of  the  earth  round  the  sun. 

As  the  supposed  motion  of  the  earth  round  the  sun  completely 
and  satisfactorily  explains  this  complicated  body  of  phenomena 
called  aberration,  while  the  motion  of  the  sun  round  the  earth  would 
altogether  foil  to  explain  them,  they  afford  another  striking  eyidence 
of  the  annual  motion  of  the  earth. 

1 38.  Armament  from  analogy. — Another  argument  in  favour 
of  the  earth's  lumual  motion  round  the  sun  is  taken  from  its  analogy 
to  the  planets,  to  all  of  which,  like  the  earth,  the  sun  is  a  source  of 
light  and  heat,  and  all  of  which  revolve  round  the  sun  as  a  centre, 
having  days,  nights,  and  seasons  in  all  respects  similar  to  those 
which  prevail  upon  the  earth.  It  seems,  therefore,  contrary  to  all 
probability,  that  the  earth  alone,  being  one  of  the  planets,  and  by 
no  means  the  greatest  in  magnitude  or  physical  importance,  should 
be  a  centre  round  which  not  only  the  sun,  but  all  the  other  planets, 
should  revolve. 

139.  The  dinmal  ana  annnal  phenomena  explained  bj 
the  two  motions  of  the  earth. — Considering,  then,  the  annual 
revolution  of  the  earth,  as  well  as  its  diurnal  rotation,  established, 
it  remains  to  show  how  these  two  motions  will  explain  the  various 
phenomena  manifested  in  the  succession  of  seasons. 


Fig.  37. 
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While  the  earth  revolves  annually  around  the  sun,  it  has  a  motion 
of  rotation  at  the  same  time  upon  a  certain  diameter  as  an  axis, 
wMch  is  inclined  from  the  perpendicular  to  its  orbit  at  the  angle  of 
2.3°  28'.  During  the  annual  motion  of  the  earth  this  diameter 
keeps  continually  parallel  to  the  same  direction,  and  the  earth  com- 
pletes its  revolution  upon  it  in  twenty-three  hours  and  fifty-six 
minutes.  In  consequence  of  the  combination  of  this  motion  of  ro- 
tation of  the  earth  upon  its  axis  with  its  annual  motion  around  the 
sun,  we  are  supplied  with  the  alternations  of  day  and  night,  and  the 
succession  of  seasons. 

When  the  globe  of  the  earth  is  in  such  a  position  that  its  north 
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pole  is  turned  towards  the  sun,  the  greater  portion  of  its  northern 
hemisphere  is  enlightened,  and  the  greater  porticoi  of  the  southern 
hemisphere  is  dark.  This  position  is  represented  in^.  37^  where 
v  is  the  north  pole,  and  s  the  south  pole.  The  days  are  therefore 
longer  than  the  nights  in  the  northern  hemisphere.  The  reverse  is 
the  case  with  the  southern  hemisphere,  for  there  the  greater  seg- 
ments of  the  parallels  are  dark,  and  the  lesser  segments  enlightened , 
the  days  are  therefore  shorter  than  the  nights.  Upon  the  equator, 
however,  at  M,  the  circle  of  the  earth  is  equally  divided,  and  the  days 
and  nights  are  equal  When  the  south  pole  is  turned  towards  the 
son,  which  it  does  exactly  at  the  opposite  point  of  the  earth^s  annual 
orbit,  circumstances  are  reversed ;  then  the  days  are  longer  than  the 
nights  in  the  southern  hemisphere,  and  the  nights  are  longer  than 
the  days  in  the  northern  hemisphere.  At  the  intermediate  points 
of  the  earth's  aimual  path,  when  the  axis  assumes  a  position  perpen- 
dicular to  the  direction  of  the  sun,^.  38,  then  the  circle  of  light 
and  darkness  passes  through  the  poles ;  all  parallels  in  every  part  of 
the  earth  are  equally  divided,  and  there  is  consequently  equal  day 
and  night  all  over  the  globe. 

In  the  annexed  perspective  diagram,^.  39,  these  four  positions 
of  the  earth  are  exhibited  in  such  a  manner  as  to  be  clearly  in- 
telligible. 


Fig.  39. 

In  this  diagram,  the  observer  is  supposed  to  view  the  earth 
from  the  north  side  of  the  ecliptic,  therefore,  on  the  2 1  st  of  Jime, 
the  north  or  upper  pole  is  turned  in  the  direction  of  the  sun ;  on 
the  2i8t  of  December,  the  south  or  lower  pole  is  turned  in  that 
direction.  On  the  days  of  the  equinoxes,  the  axis  of  the  earth 
is  at  light  angles  to  the  direction  of  the  sun,  and  it  is  equal  day 
and  night  everywhere  on  the  earth. 
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The  annual  variation  of  the  position  of  the  sun  with  reference 
to  the  equator^  or  the  changes  ot  its  declination,  are  explained  hj 
these  motions.  The  summer  solstice — the  time  when  the  sun's 
distance  firom  the  equator  is  the  greatest — takes  place  when  the 
north  pole  is  turned  towards  the  sun ;  and  the  winter  solstice — or 
the  time  when  the  sun's  distance  south  of  the  equator  is  greatest — 
takes  place  when  the  south  pole  is  turned  toward  the  sun. 

Inyirtue  of  these  motions^  it  follows  that  the  sun  is  twice  a  year 
Tertical  at  all  places  hetween  the  tropics;  and  at  the  tropics  them- 
selves it  is  vertical  once  a  year.  In  all  higher  latitudes  the  point 
at  which  the  sun  passes  the  meridian  daily  altemately  approaches 
to  and  recedes  from  the  zenith.  From  the  2 1st  of  December  until 
the  2 1st  of  JunC;  the  point  continually  approaches  the  zenith.  It 
comes  nearest  to  the  zenith  on  the  21st  of  June;  and  from  that 
day  until  the  21st  of  December^  it  continually  recedes  from  the 
zenith,  and  attains  its  lowest  position  on  the  latter  day.  The  dif- 
ference, therefore,  between  the  meridional  altitudes  of  the  sun  on 
the  days  of  the  summer  and  winter  solstices  at  all  places  will  be 
twice  twenty-three  degrees  and  twenty-eight  minut€»,  or  forty-six 
degrees  and  fifty-six  minutes.  In  all  places  beyond  the  tropics  in 
the  northern  hemisphere,  therefore,  the  sun  rises  at  noon  on  the  2 1  st 
of  June,  forty-six  degrees  and  fifty-six  minutes  higher  than  it  rbes 
on  the  2 1  st  of  December.  These  are  the  limits  of  meridional  altitude 
which  determine  the  influence  of  the  sun  in  difierent  places. 

140.  Mean  aolmr  or  olTil  time. — It  has  been  explained  that 
the  rotation  of  the  earth  upon  its  axis  is  ligoroualy  uniform,  and  is 
the  only  absolutely  uniform  motion  among  the  many  and  com- 
plicated motions  observable  on  the  heavens.  This  quality  would 
render  it  a  highly  convenient  measure  of  time,  and  it  is  accordingly 
adopted  for  diat  purpose  in  all  observatories.  The  hands  of  a 
sidereal  dock  move  in  perfect  accordance  with  the  apparent  motion 
of  the  firmament. 

But  for  civil  purposes,  tmiformity  of  motion  is  not  the  only 
condition  which  must  be  fulfilled  by  a  measure  of  time.  It  is 
equally  indispensable  that  the  intervals  into  which  it  divides  dura- 
tion should  be  marked  by  conspicuous  and  universally  observable 
phenomena.  Now  it  happens  that  the  intervals  into  which  thn 
diurnal  rovolution  of  the  heavens  divides  duration,  are  marked  by 
phenomena  which  astronomers  alone  can  witness  and  ascertain,  but 
of  which  mankind  in  general  are,  and  must  remain,  altogether 
unconscious. 

141.  OlTll  day  —  noon  ana  mtdnifflit. — Astronomioal  day. 
— For  the  purposes  of  common  life,  mankind  by  general  consent  has 
therefore  adopted  the  interval  between  the  successive  returns  of  the 
centre  of  the  sun^s  disk  to  the  meridian^  as  the  unit  or  standard 
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9  of  time.  This  intervaly  ctilled  a  cinL  DAT,  is  divided  into 
24  equal  parts  called  houbs,  which  aie  again  subdivided  into 
minutes  and  seconds,  as  already  explained  in  relation  to  sidereal 
time.  The  hours  of  the  civil  day,  however,  are  not  generally 
eoonted  from  o  tp  24  as  in  sidereal  time,  but  are  divided  into  two 
equal  parts  of  1 2  hours,  one  commencing  when  the  centre  of  the  sun 
IB  OD  the  meridian,  the  moment  of  which  is  called  VOOK  or  midbay, 
aad  the  other  1 2  hours  later  when  the  centre  of  the  sun  must  pass 
tJie  meridian  below  the  horizon,  the  moment  of  which  is  midnight. 

For  dvil  purposes,  this  latter  moment  has  been  adopted  as  the 
ommiencement  of  one  day,  and  the  end  of  the  other. 

In  observatories,  and  for  astronomical  convenience  generally,  the 
day  commences  at  noon,  and  ends  at  the  succeeding  noon,  the 
hms  being  counted  from  o**  to  24**.  This  mode  of  reckoning  is 
called  an  AflTBOKOXiGAL  day. 

142.  ]ttCDreBe«  between  memn  solar  and  sidereal  time. — 
A  solar  day  is  evidently  longer  than  a  sidereal  day.  If  the  sun  did 
not  diange  its  position  on  the  firmament,  its  centre  would  return  to 
tlie  meridian  after  the  same  interval  that  elapses  between  the  suc- 
cessive transits  of  a  fixed  star.  But  since  the  sun,  as  has  been 
explained,  moves  at  the  rate  of  about  i^  per  day  from  west  to  east, 
nd  since  this  motion  takes  place  upon  the  ecliptic,  which  is  inclined 
to  the  equator  at  an  angle  of  23°  28',  the  centre  of  the  sun  increases 
its  right  ascension  from  day  to  day,  and  this  increase  varies  according 
to  its  position  on  the  ecliptic  When  the  circle  of  declination  on 
iHiich  the  centre  of  the  sun  is  placed  at  noon  on  one  day  returns  to 
the  meridian  the  next  day,  the  centre  of  the  sun  will  have  left  it, 
and  will  be  found  upon  another  circle  of  declination  to  the  east  of 
it;  and  it  will  not  consequently  come  to  the  meridian  until  a  few 
nmiutes  later,  when  this  other  circle  of  declination,  by  the  diurnal 
motion  of  the  heavens,  shall  come  to  coincide  with  the  meridian. 

Hence  the  solar  day  is  longer  than  the  sidereal  day. 

143.  IHffereiiee  between  apparent  noon  and  mean  noon. 
^But  since,  from  the  cause  just  stated  and  another  which  will  be 
presently  explained,  the  daily  increase  of  the  sun's  right  ascension 
is  variable,  the  difference  between  a  sidereal  day  and  the  interval 
between  the  successive  transits  of  the  sun  is  likewise  variable,  and 
thus  it  would  follow  that  the  solar  days  would  be  more  or  less 
unequal  in  length. 

144.  BKean  solar  time — Bqnation  of  time. — Hence  has 
ariaen  an  expedient  adopted  for  civil  purposes  to  efiace  this  inequa- 
htj.  An  imaginary  sun  is  conceived  to  accompany  the  true  sun, 
making  the  complete  revolution  of  the  heavens  with  a  rigorously 
uniform  increase  of  right  ascension  from  hour  to  hour,  while  the 
increase  of  right  ascension  of  the  true  sun  thus  varies.    The 
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time  measured  hj  the  motion  of  this  imaginaiy  enm  is  called  aisAK 
60LAB  TIMS,  and  the  time  measured  by  the  motion  of  the  true  sun 
is  called  appabeitt  solab  tuce. 

The  difference  between  the  apparent  and  mean  solar  time  is  called 
the  "equation  op  time.'* 

The  yariation  of  the  increase  of  the  son's  right  ascension  being 
confined  within  narrow  limits,  the  true  and  imagmary  suns  can 
never  be  far  asunder,  and  consequently  the  difference  between  mean 
and  apparent  time  is  never  considerable. 

The  time  indicated  by  a  sun-dial  is  apparent  lime,  that  indicated 
by  an  exactly  regxdated  dock  or  watch  is  mean  time. 

The  coirection  to  be  applied  to  apparent  time,  to  reduce  it  to 
mean  time  is  often  engraved  on  sun-dials,  where  it  is  stated  how 
much  "  the  sun  is  too  fast  or  too  slow.*' 

145.  Bistanoe  of  the  bud. — Although  the  problem  to  deter- 
mine with  the  greatest  practicable  precision  the  distance  of  the  sun 
from  the  earth  is  attended  with  great  difficulties,  many  phenomena 
of  easy  observation  supply  the  means  of  ascertaining  that  this 
distance  must  bear  a  very  great  proportion  to  the  earth's  diameter, 
or  must  be  such  that,  by  comparison  with  it,  a  line  8cxx>  miles  in 
length  is  almost  a  point  If,  for  example,  the  apparent  distance  of 
the  centre  of  the  sun  from  any  fixed  star  be  observed  simultane- 
ously from  two  places  upon  the  earth,  no  matter  how  far  they  are 
apart,  no  difference  will  be  discovered  between  them,  imless  means 
of  observation  susceptible  of  extraordinaiy  precision  be  resorted  ta 
However,  it  may  be  stated  here  that  the  apparent  diameter  of  the 
earth  as  viewed  from  the  sim  amounts  to  no  more  than  1 7"*9,  or 
about  the  io8th  part  of  the  apparent  diameter  of  the  sun  as  seen 
from  the  earth.  The  distance  of  the  sun  is  equal  to  about  1 1,53$ 
diameters  of  the  earth,  and  amounts  therefore  to  nearly  ndteti- 

ONE  AND  A  HALE  MILLIONS  OF  MILES. 

146.  Orbit  Of  the  earth  elliptieal. — In  what  precedes,  we 
have  considered  the  path  of  the  earth  around  the  sun,  called  by 
astronomers  its  orbit,  to  be  a  circle,  in  the  centre  of  which  the 
centre  of  the  sun  is  placed.  This  is  nearly  true,  but  not  ex- 
actly so,  as  will  appear  from  the  following  observed  phenomena. 

Let  a  telescope  supplied  with  micrometnc  wires  be  directed  to 


r 


F'g.  ¥>'  Fig.  41.  Fig.  42. 

the  sun,  and  the  wires  so  adjusted  that  they  shall  exactly  touch 
the  up^er  and  lower  limbs,  as  in  Jiff.  40.     Let  the  observer  then 
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watch  from  day  to  day  the  appearance  of  the  sun  and  the  position 
of  the  wires ;  he  will  find  that,  after  a  certain  tune,  the  wires  will 
DO  kmger  touch  the  sun,  hut  will  perhaps  fall  a  little  within  it,  as 
r^resen^  in^.  4 1 .  And  after  a  further  lapse  of  time  he  will  find, 
on  the  other  hand,  that  they  fall  a  little  without  it,  as  in^.  42. 

Now,  as  the  wires  throughout  such  a  series  of  ohservations  are 
maintained  always  in  the  same  position,  it  follows  that  the  disk  of 
the  sun  must  appear  smaller  at  one  time,  and  larger  at  another — 
that,  in  iact,  the  apparent  magnitude  of  the  sun  must  he  variable. 
It  is  trae  that  this  Tariation  is  confined  within  yery  small  limits, 
but  still  it  is  distinctly  perceptible.  What,  then,  it  may  be  asked, 
most  be  its  cause?  Is  it  possible  to  imagine  that  the  sun  reaUy 
mdergoes  a  change  in  its  sizef  This  idea  would,  under  any  circum- 
stances, be  absurd;  but  when  we  have  ascertained,  as  we  may  do, 
that  the  change  of  apparent  magnitude  of  the  sun  is  regular  and 
periodical — that  for  one  half  of  the  year  it  continually  diminishes 
mitQ  it  attains  a  minimum,  and  then  for  the  next  half  year  it  in- 
creases until  it  attains  a  maximum — such  a  supposition  as  that  of  a 
real  periodical  change  in  the  globe  of  the  sim  becomes  altogether 
incredible. 

I^  then,  an  actual  change  in  the  magnitude  of  the  sun  be  impos- 
sible, there  is  but  one  otJ^er  conceivable  cause  for  the  change  in 
its  apparent  magnitude — which  is,  a  corresponding  change  in  the 
earth's  distance  from  it.  If  the  earth  at  one  time  be  more  re- 
mote than  at  another,  the  sun  will  appear  proportionally  smaller. 
This  is  an  easy  and  obvious  explanation  of  the  changes  of  appear- 
ance that  are  observed,  and  it  hiEis  been  demonstrated  accordingly  to 
be  the  true  one. 

On  examining  the  change  of  the  apparent  diameter  of  the  sun,  it 
is  found  that  it  is  least  on  the  ist  of  July,  and  greatest  on  the  3  ist 
of  December;  that  from  December  to  July,  it  regularly  decreases; 
and  from  July  to  December,  it  regularly  increases. 

Since  the  distance  of  the  earth  from  ^e  sun  must  increase  in  the 
same  ratio  as  the  apparent  diameter  of  the  sun  decreases,  and  vice 
vend  (0. 3  5 1 ),  the  variation  of  the  distance  of  the  earth  from  the  sun 
in  every  position  which  it  assumes  in  its  orbit  can  be  exactly  ascer- 
tained. A  plan  of  the  form  of  the  orbit  may  therefore  be  laid  down, 
having  the  point  occupied  by  the  centre  of  the  sun  marked  in  it. 
Such  a  plan  proves  on  geometric  examination  to  be  an  ellipse,  the 
place  of  the  sun  being  one  of  the  focL 

147.  ICatliod  of  describing  an  ellipse — Its  toeU  azls«  and 
ezeeattrtelty. — If  the  ends  of  a  thread  be  attached  to  two  pointa 
less  distant  from  each  other  than  its  entire  length,  and  a  pencil  be 
looped  in  the  thread,  and  moved  round  the  points,  so  as  to  keep  the 
thread  tight,  it  will  trace  an  ellipse,  of  which  the  two  points  are  the 
IMOi 
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The  line  drawn  joining  the  foci,  continued  in  hoth  directions  to 
the  ellipse^  is  called  its  tbansyebse,  or  icajor  axis. 

Another  line,  passing  through  the  middle  point  of  this  at  right 
angles  to  it  is  called  its  minob  axis. 

The  middle  point  of  the  major 
axis  is  called  the  cenibe  of  ike 
ellipse. 

The  £ractional  or  decimal  num- 
ber which  expresses  the  distance 
of  the  focus  from  the  centre,  the 
semiaxis  major  being  taken  as 
the  unit,  is  called  the  excentricitj 
of  the  ellipse. 
In  Jiff.  43,  0  is  the  centre,  s 

^.    ^,  and  8'  the  foci,  A  b  the  trans- 

rig.  4j.  .        ^ 

yerse  axis. 
The  less  the  ratio  of  s  s'  to  A  b,  or  what  is  the  same,  the  less  the 
excentricity  is,  the  more  nearly  the  form  of  the  ellipse  approaches 
to  that  of  a  circle,  and  when  the  fod  actually  coalesce,  the  ellipse 
becomes  an  exact  circle. 

148.  BxoentHcitj  of  tbe  earth's  orbit.— The  excentricity  of 
the  elliptic  orbit  of  the  earth  is  so  small,  that  if  an  ellipse,  represent- 
ing truly  that  orbit,  were  drawn  upon  paper,  it  would  be  distinguish- 
able from  a  circle  only  by  submitting  it  to  exact  measurement  The 
excentricity  of  the  orbit  has  been  ascertained  to  be  only  0*01677. 
The  semi  axis  major,  or  mean  distance,  being  i  *oooo,  the  greatest 
and  least  distances  of  the  earth  from  the  sun  will  be — 

B  s  =  I'oooo  -h  0*01677  =  1*01677 
A  s  =  I'oooo  —  0-01677  =  0*98323. 

The  difference  between  these  extreme  distances  is,  therefbre,  only 
003354.  So  that  the  difference  between  the  greatest  and  least 
distances  does  not  amount  to  so  much  as  four  hundredths  of  the 
mean  distance. 

149.  Perlbelloii  and  aphelion  of  the  earth. — The  positions 
A  and  B,  where  the  earth  is  nearest  to,  and  most  distant  from,  the 
sun  are  called  febihelion  and  aphelion. 

The  positions  of  these  points  are  ascertained  by  observing 
the  places  of  the  sun  when  its  appai'ent  diameter  is  greatest  and 
least. 

It  is  evident  from  what  has  been  stated  that  the  earth  is  in  aphe- 
lion on  the  I  St  of  July,  and  in  perihelion  on  the  i  st  of  January. 

Contrary  to  what  might  be  expected,  therefore,  the  earth  is  more 
distant  from  the  sun  in  summer  than  in  winter. 
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150.  VTtattQBS  of  fmperatore  tliroiiBli  the  year.  —  The 

Buxesrion  of  spring,  summer,  autumn,  and  winter,  and  the  yariations 
of  temperature  of  &e  seasons — so  far  as  these  yariations  depend  on 
the  position  of  the  sun  -^  will  now  require  to  he  explained. 

The  influence  of  the  sun  in  heating  a  portion  of  the  earth's  sur- 
&ce,  will  depend  partly  on  its  altitude  ahoye  the  horizon.  The 
greater  that  altitude  is,  the  more  perpendicularly  the  rays  will  fall, 
and  &e  greater  will  he  their  calorific  effect 

The  c^orific  effect  of  the  sun's  rays  on  a  surface  more  oblique  to 
their  direction  than  another  will  then  be  proportionably  less. 

If  the  sun  be  in  the  zenith,  its  rays  will  strike  the  surface  per- 
pendiculariy,  and  the  heating  effect  wiU  therefore  be  greater  than 
when  the  sun  is  in  any  other  position. 

The  greater  the  altitude  to  which  the  sun  rises,  the  less  obliquely 
will  he  the  direction  in  which  its  rays  will  strike  the  surface  at 
noon,  and  the  more  effectiye  will  be  their  heating  power.  So  far, 
timi,  as  the  heating  power  depends  on  the  altitude  of  the  sun,  it 
will  be  increased  witii  eveiy  increase  of  its  meridian  altitude. 

Hence  it  is  that  the  heat  of  sunmier  increases  as  we  approach  the 
equator.  The  lower  the  latitude  is,  the  greater  will  be  the  height 
to  which  the  sun  will  rise.  The  meridian  altitude  of  the  sun  at 
tiie  summer  solstice  being  eyeiywhere  outside  the  tropics  forty-six 
degrees  and  fifty-six  minutes  more  than  at  the  winter  solstice,  the 
headng  e£fect  will  be  proportionately  gpreater. 

But  this  is  not  the  only  cause  which  produces  the  greatly  supe- 
rior heat  of  summer  as  compared  with  winter,  especially  in  the 
higher  latitudes.  The  heating  effect  of  the  sun  depends  not  alone 
OQ  its  altitude  at  midday ;  it  also  depends  on  the  length  of  time 
which  it  IB  aboye  the  horizon  atid  below  it  While  the  sun  is  aboye 
the  horizon,  it  is  continually  imparting  heat  to  the  air  and  to  the 
saiface  of  the  earth ;  and  while  it  is  below  the  horizon,  the  heat  is 
continually  being  dissipated.  The  longer,  therefore,  —  other  things 
being  the  same, — the  sun  is  aboye  the  horizon,  and  the  shorter  time 
it  is  below  it,  the  greater  will  be  the  amount  of  heat  imparted  to 
the  earth  every  twenty-four  hours.  Let  us  suppose  that  between 
nmiise  and  sunset,  the  sun,  by  its  calorific  effect,  imparts  a  certain 
amount  of  heat  to  the  atmosphere  and  the  surfSEuie  of  the  earth,  and 
that  from  sunset  to  sunrise  a  certain  amoimt  of  this  heat  is  lost : 
the  result  of  the  action  of  the  sun  will  be  found  by  deducting  the 
latter  from  the  former. 

Thus,  then,  it  appears  that  the  influence  of  the  sun  upon  the 
seasons  depends  as  much  upon  the  lengfth  of  the  days  and  nights  as 
upon  its  altitude ;  but  it  so  happens  that  one  of  these  circumstances 
depends  upon  the  other.  The  greater  the  sun's  meridional  altitude 
is,  the  longer  will  be  the  days,  and  the  shorter  the  nights ;  and  the 
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less  it  is,  the  longer  will  be  the  nights,  and  the  shorter  the  days. 
Thus  both  circumstances  always  conspire  in  producing  the  increased, 
temperature  of  summer,  and  the  diminished  temperature  of  winter. 

151.  "Why  the  longest  day  Is  not  also  tlio  liottost. — Tbe 
doff-days. — A  difficulty  is  sometimes  felt  when  the  operation  of 
these  causes  is  considered,  in  understanding  how  it  happens  that, 
notwithstanding  what  has  been  stated,  the  2  ist  of  Jime — when  the 
sun  rises  the  Ughest,  when  the  d&js  are  longest 'and  the  nighta 
shortest — is  not  the  hottest  day,  but  that,  on  the  contraiy,  the  dog- 
days,  as  they  are  called,  which  comprise  the  hottest  weather  of  the 
year,  occur  in  July  and  August ;  and  in  the  same  manner,  the  2 1st 
of  December — when  the  height  to  which  the  sun  rises  is  least,  the 
days  shortest,  and  the  nights  longest — is  not  usually  the  coldest 
day,  but  that,  on  the  other  hand,  the  most  inclement  weather  occurs 
at  a  later  period. 

To  explain  this,  so  far  as  it  depends  on  the  position  of  the  sun 
and  the  length  of  the  days  and  nights,  we  are,  to  consider  the  follow- 
ing circumstances : — 

As  midsummer  approaches,  the  gradual  increase  of  the  tempera- 
ture of  the  weather  has  been  explained  thus :  The  days  being  con- 
siderably longer  than  the  nights,  the  quantity  of  heat  imparted  by 
the  sun  dviring  the  day  is  greater  than  the  quantity  lost  during  the 
night ;  and  the  entire  result  during  the  twenty-four  hours  gives  an 
increase  of  heat  As  this  augmentation  takes  place  after  each  suc- 
cessive day  and  night,  the  general  temperature  continues  to  increase. 
On  the  2 1st  of  June,  when  the  day  is  longest,  and  the  night  is 
shortest,  and  the  sun  rises  highest,  this  augmentation  reaches  its 
maximum ;  but  the  temperature  of  the  weather  does  not  therefore 
cease  to  increase.  After  the  21st  of  June,  there  continues  to  be 
still  a  daily  augmentation  of  heat,  for  the  sun  still  continues  to  im- 
part more  heat  during  the  day  than  is  lost  during  the  night.  The 
temperature  of  the  weather  will  therefore  only  cease  to  increase 
when  by  the  diminished  length  of  the  day,  the  increased  length  of 
the  night,  and  the  diminished  meridional  altitude  of  the  sun,  the 
heat  imparted  during  the  day  is  just  balanced  by  the  heat  lost 
during  the  night.  There  will  be,  then,  no  further  increase  of  tem- 
perature, and  the  heat  of  the  weather  will  have  attained  its  maxi- 
mum. 

But  it  might  occur  to  a  superficial  observer,  that  this  reasoning 
would  lead  to  the  conclusion  that  the  weather  would  continue  to 
increase  in  its  temperature,  until  the  length  of  the  days  would 
become  equal  to  the  length  of  the  nights  ,*  and  such  would  be  the 
case,  if  the  loss  of  heat  per  hour  during  the  night  were  equal  to 
the  gain  of  heat  per  hour  during  the  day.  But  such  is  not  the 
case  'j  the  loss  is  more  rapid  than  the  gain,  and  the  consequence  is 
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tint  the  hottest  day  usually  comes  within  the  mouth  of  July,  but 
always  long  before  the  day  of  the  autumnal  equinox. 

The  same  reasoning  will  explain  why  the  coldest  weather  does 
not  usually  occur  on  the  2 1  st  of  December,  when  the  day  is  shortest 
ind  the  night  longest,  and  when  the  sun  attains  the  lowest  meri- 
dional altitude.  The  decrease  of  the  temperature  of  the  weather 
depends  upon  the  loss  of  heat  during  the  night  being  greater  than 
tiie  gain  during  the  day ;  and  until,  by  the  increased  length  of  the 
daj,  and  the  diminished  length  of  the  night,  these  effects  are 
balanced,  the  coldest  weather  will  not 'be  attained. 

These  observations  must  be  understood  as  applying  only  so  far 
as  the  temperature  of  the  weather  is  affected  by  the  sun,  and  by 
the  length  of  the  days  and  nights.  There  are  a  variety  of  other 
local  and  geographical  causes  which  interfere  with  these  effects, 
and  vaiy  them  at  different  times  and  places. 

On  rderring  to  the  annual  motion  of  the  earth  round  the  sun,  it 
appears  that  tiie  position  of  the  sun  within  the  elliptic  orbit  of  the 
earth  is  such  that  the  earth  is  nearest  to  the  sun  about  the  ist  of 
Januaiy,  and  most  distant  from  it  about  the  ist  of  July.  As  the 
calorific  power  of  the  sun's  rays  increases  as  the  distance  from  the 
earth  dinunishee,  in  even  a  higher  proportion  than  the  change  of  dis- 
tances, it  might  be  expected  that  iiie  effect  of  the  sun  in  heating  the 
earth  on  the  l  st  of  January  would  be  considerably  greater  than  on  the 
I  st  of  July.  If  this  were  admitted,  it  would  follow  that  the  annual 
motion  of  the  earth  in  its  elliptic  orbit  would  have  a  tendency  to 
dimmish  the  cold  of  the  winter  in  the  northern  hemisphere,  and 
mitigate  the  heat  of  summer,  so  as  to  a  certain  extent  to  equalise 
the  seasons;  and,  on  the  contrary,  in  the  southern  hemisphere, 
where  the  1st  of  January  is  in  the  middle  of  summer  and  the  ist 
of  July  the  middle  of  winter,  its  effects  would  be  to  aggravate  the 
cold  in  winter  and  the  heat  in  summer.  The  investigations,  how- 
erer,  which  had  been  made  in  the  phpics  of  heat,  have  shown  that 
that  principle  is  governed  by  laws  which  counteract  such  effects. 
Like  the  operation  of  all  other  physical  agencies,  the  sun's  calorific 
power  requires  a  definite  time  to  produce  a  given  effect,  and  the  heat 
received  by  the  earth  at  any  part  of  its  orbit  will  depend  conjointly 
OD  its  distance  from  the  sun  and  the  length  of  time  it  takes  to  tra- 
vene  that  portion  of  its  orbit.  In  fact,  it  has  been  ascertained  that 
the  heating  power  depends  as  much  on  the  rate  at  which  the  sun 
changes  its  longitude  as  upon  the  earth's  distance  from  it.  Now  it 
happens  that,  in  consequence  of  the  laws  of  the  planetary  motions, 
discovered  by  Kepler,  and  explained  by  Newton,  when  the  earth  is 
most  remote  from  the  sun  its  velocity  is  least,  and  consequently  the 
hooriy  changes  of  longitude  of  the  sun  wiU  be  proportionally  less. 
Thus  it  appears  that  what  the  heating  power  loses  by  augmented 


no 


ASTRONOMY. 


distance,  it  gains  by  diminished  velocity ;  and  again,  when  the  earth 
is  nearest  to  the  smi;  what  it  gains  by  diminished  distance,  it  losea 
by  increased  speed.  There  is  thus  a  complete  compensation  pro- 
duced in  the  heating  efiect  of  the  Sim,  by  the  diminished  velocity  of 
the  earth  which  accompanies  its  increased  distance. 

This  period  of  the  year,  during  which  the  heat  of  the  weather 
is  usually  most  intense,  was  called  the  CA:acx7i.AB  dats,  or  doo 
DATS.  These  days  were  generally  reckoned  as  forty,  commencing 
about  the  3rd  of  July,  and  received  their  name  from  the  fac^ 
that  in  ancient  times  the  bright  star  Sirius,  in  the  constellation 
of  Canis  major,  or  the  great  dog,  at  that  time  rose  a  little  before 
the  sun,  and  it  was  to  the  sinister  influence  of  this  star  that 
were  ascribed  the  bad  efiects  of  the  inclement  heat,  and  especially 
the  prevalence  of  madness  among  the  canine  race.  Owing  to  a 
cause  which  will  be  explained  hereafter  (the  precesdon  of  the  equi- 
noxes), this  star  no  longer  rises  with  the  sun  during  the  hot  season. 
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ATMOSPHBBIO  REFBACTIOK,  AKD  PA R AT. T. AT. 

152.  Apparent  poaltioii  of  oeleatlAl  olijeetft  affected  hy  re- 
fraotlon. — The  ocean  of  air  which  surrounds,  rests  upon,  and  extends 
„     ^  to  a  certain  limited  height  above 

the  surface  of  the  sob'd  and  liquid 
matter  composing  the  globe,  de- 
creases gradually  in  density  in  rising 
from  the  surface  (H.  223) ;  that 
when  a  ray  of  light  passes  from  a 
rarer  into  a  denser  tiansparent  me- 
dium, it  is  deflected  towards  the 
perpendicular  to  their  common 
surface ;  and  that  the  amount  of 
such  deflection  increases  with  the 
diflerence  of  densities  and  the  angle 
of  incidence  (0.  92).  These  pro- 
perties, which  air  has  in  common 
with  all  transparent  media,  produce 
'^«-*»*  important  effects  on  the  apparent 

positions  of  celestial  objects. 
Let  8  a,  Jiff,  44,  be  a  ray  of  light  coming  from  any  distant  ob- 
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Ill 


jecty  8,  and  falling  on  the  surface  of  a  series  of  layers  of  transpa- 
rent matter,  increaamg  in  density  downwards.    The  ray  s  a,  pass- 


ing  into  the  first  layer^  will  be  deflected  in  the  direction  a  a'  to- 
wards the  perpendicular,  and  passing  through  the  lowest  layer,  it 
will  be  still  more  deflected,  and  will  enter  the  eye  at  «,  in  the 
direction  af^  e  \  and  sioce  eveiy  object  is  seen  in  the  direction  from 
which  the  Tisual  ray  enters  the  eye,  the  object  s  will  be  seen  in 
die  direction  e  Bf,  instead  of  its  true  direction  a  s.  The  effect, 
therefore,  ia  to  make  the  object  appear  to  be  nearer  to  the  zenithal 
direction  than  it  really  is. 

And  this  is  what  actually  occurs  with  respect  to  all  celestial 
objects  seen,  as  such  objects  always  must  be,  through  the  atmo- 
^here.  The  visual  ray  s  s.  Jiff,  45,  passing  through  a  succession 
of  strata  of  air,  gradually  and  continually  increasing  in  density, 
ite  path  will  be  a  curve  bending  from  D  towards  a,  and  convex 
tcyvrards  the  zenithal  line  A  z.  The  direction  in  which  the  object 
"Will  be  seen,  being  that  in  which  the  visual  ray  enters  the  eye,  will 
be  the  tangent  A  « to  the  curve  at  a.  The  object  will  therefore  be 
seen  in  the  direction  a  s  instead  of  d  b. 

It  has  been  said  that  the  deflection  produced  by  refraction  is  in- 
creased with  the  increase  of  the  angle  of  incidence.  Now,  in  the 
pveeent  case^  the  angle  of  iacidence  is  the  angle  under  the  true 
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direction  of  the  object  and  the  zenithal  line,  or,  what  is  ihe  same, 
the  zenith  distance  of  the  object  The  extent,  therefore,  to  which 
any  celestial  object  is  disturbed  from  its  true  place  by  the  re&action 
of  the  atmosphere,  increases  with  its  zenith  distance.  The  refrac- 
tion is,  therefore,  nothing  in  the  zenith,  and  greatest  in  the  horizon. 

153.  iMw  of  atmosplierio  rafWustioii. — The  extent  to  which 
a  celestial  object  is  displaced  by  refraction,  therefore,  depends  upon 
and  increases  with  its  distance  from  the  zenith ;  and  it  can  be  shown 
to  be  a  consequence  of  the  general  principles  of  optics,  that  when 
other  things  are  the  same,  the  actual  quantity  of  this  displacement 
(except  at  rery  low  altitudes)  varies  in  the  proportion  of  tiie  tan- 
gent of  the  zenith  distance. 

This  law  prevails  with  considerable  exactitude,  except  at  verr 
low  altitudes,  where  the  refractions  depart  frt>m  it,  and  become  un- 
certain. 

1 54.  Qnantltj  of  refraotton. — ^When  the  latitude  of  the  obser- 
vatory is  known,  the  actual  quantity  of  refraction  at  a  given  alti- 
tude may  be  ascertained  by  observing  the  altitudes  of  a  circumpolar 
star,  when  it  passes  the  meridian  above  and  below  the  pole.  The 
sum  of  these  altitudes  would  be  exactly  eqiml  to  twice  the  latitude 
(114)  if  the  refraction  did  not  exist,  but  since  by  its  effects  the 
star  is  seen  at  greater  than  its  true  altitudes,  the  sum  of  the  alti- 
tudes will  be  greater  than  twice  the  latitude  by  the  sum  of  the  two 
refractions.  This  sum  will  therefore  be  known,  and  being  divide<^ 
between  the  two  altitudes  in  the  ratio  of  the  tangents  of  the  zenit' 
distances  the  quantity  of  refraction  due  to  each  altitude  will  Ik 
known. 

The  pole  star  answers  best  for  this  observation,  especially  in 
these  and  higher  latitudes,  where  it  passes  the  meridian  within 
the  limits  of  the  more  regular  influence  of  refraction ;  and  the 
difference  of  its  altitudes  being  only  3®,  no  considerable  error 
can  arise  in  apportioning  the  total  refraction  between  the  two 
altitudes. 

155.  Tables  of  refk«otloii.  —  To  determine  with  great  exacti- 
tude the  average  quantity  of  refraction  due*  to  different  altitudes, 
and  the  various  physical  conditions  under  which  the  actual  refrac- 
tion departs  from  such  average,  is  an  extremely  difficult  physical 
problem.  These  conditions  are  connected  with  phenomena  subject 
to  uncertain  and  imperfectly  known  laws.  Thus,  the  quantify  of 
refraction  at  a  given  altitude  depends,  not  only  on  the  density,  bu* 
also  on  the  temperature  of  the  successive  strata  of  air  through  whicli 
the  visual  ray  has  passed.  Although  as  a  general  fact,  it  is  appa- 
rent that  the  temperature  of  the  air  falls  as  we  rise  in  the  atmo- 
sphere, yet  the  exact  law  according  to  which  it  decreases  is  not 
fully  ascertained.    But  even  though  it  were,  the  refraction  is  also 
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inflaeneed  by  other  agencies^  among  which  the  hjgrometric  condi* 
tioo  of  the  air  holds  an  important  place. 

From  these  causeS;  some  uncertaintj  necessarily  attends  astro- 
nomical observations  of  objects  near  the  horizon,  and  some  em- 
bairassment  arises  in  cases  where  the  quantities  to  be  detected  by 
the  observations  are  extremely  minute.  Nevertheless,  it  must  be 
remembered  tliat,  since  the  total  amount  of  refraction  is  never  con- 
siderable, and  in  most  cases  it  is  extremely  minute,  and  since, 
small  as  it  is,  it  can  be  veiy  nearly  estimated  and  allowed  for,  and 
in  some  cases  wholly  effaced,  no  serious  obstacle  is  offered  by  it 
to  the  general  progress  of  astronomy. 

Tables  of  re&action  have  been  constructed  and  calculated,  partly 
from  observation  and  partly  from  theory,  by  which  the  observer 
may  at  once  obtain  the  average  quantity  of  refraction  at  each  alti- 
tude ;  and  rules  are  given  by  which  this  average  refraction  may  be 
corrected  according  to  the  pecidiar  state  of  the  barometer,  thermo- 
meter, and  other  indicators  of  the  physical  state  of  the  ain 

1 56.  ATerara  quantltj  at  mean  altitadea. — While  the  re- 
fraction is  nothing  in  the  zenith,  and  somewhat  greater  than  the 
spparent  diameter  of  the  sun  or  moon  in  the  horizon,  it  does  not 
amount  to  so  much  as  i^,  or  the  thirtieth  part  of  this  diameter,  at 
the  mean  altitude  of  45^. 

157.  BSaet  on  rialiiff  and  aetttiiv. — Its  mean  quantity  in 
the  horizon  is  33^  which  being  a  little  more  than  the  mean  appa- 
rent diameters  of  the  sun  and  moon,  it  follows  that  these  objects,  at 
the  mom^it  of  rising  and  setting,  are  visible  above  the  horizon,  the 
lower  edge  of  their  disks  just  touching  it,  when  in  reality  they  are 
below  it,  the  upper  edge  of  the  disk  just  touching  it. 

The  moments  of  rising  of  all  objects  are  therefore  accelerated,  and 
those  of  setting  retarded,  by  refruclion.  The  sun  and  moon  appear 
to  rise  htfore  they  have  really  risen,  and  to  set  after  they  have  really 
Bet;  and  the  same  is  true  of  all  other  objects. 

1 5  8.  Ctoiieral  elfoot  of  the  iMurometor  on  rofraotton. — Since 
the  barometer  rises  with  the  increased  weight  and  density  of  the  air, 
its  rise  is  attended  by  an  augmentation,  and  its  fall  by  a  decrease,  of 
refraction.  It  may  be  assumed  that  the  refraction  at  any  proposed 
iltitttde  is  increased  or  diminished  by  the  300th  part  uf  its  mean 
quantity  for  every  tenth  of  an  inch  by  which  the  barometer  exeeeds 
or  fsllfl  short  of  tiie  height  of  30  inches. 

159.  mmttt  of  tliannometor. — As  the  increase  of  tempera- 
ture causes  a  decrease  of  density,  the  effect  of  refraction  is  diminished 
^7  the  elevation  of  the  thermometer,  the  state  of  the  barometer 
being  the  same.  It  may  be  assumed,  that  the  refraction  at  any  pro- 
posed altitude  is  diminished  or  increased  by  the  420th  part  of  its 
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mean  amount  for  each  degree  by  which  Fahrenheit's  thermometer 
exceeds  or  falls  short  of  the  mean  temperature  of  55^. 

160.  Twiliclit  eavsed  by  tlie  refleotton  of  the  atmo- 
spliere* — The  sun  continues  to  illuminate  the  clouds  and  the  su- 
perior strata  of  the  air  after  it  has  set,  in  the  same  manner  as  it 
shines  on  the  summits  of  lofty  mountun  peaks  long  after  it  has  de- 
scended from  the  view  of  the  inhabitants  of  the  adjac^it  plains. 
The  air  and  clouds  thus  illuminated,  reflect  light  to  the  suiface 
below  them;  and  thus,  after  sunset  and  before  sunrise,  produce  that 
light,  more  or  less  feeble  according  to  the  depression  of  the  sun, 
cidled  TWiLioHT.  Immediately  after  sunset  the  entire  visible  atmo- 
sphere, and  all  the  clouds  which  float  in  it,  are  flooded  with  sunlight, 
and  produce,  by  reflection,  an  illumination  little  less  intense  than 
before  the  sun  had  disappeared.  According  as  the  sun  sinks  lower 
and  lower,  less  and  less  of  the  visible  atmosphere  receives  his  light, 
and  less  and  less  of  it  is  transmitted  by  reflection  to  the  sui^M*e, 
until  at  length,  and  by  slow  degrees,  all  reflection  ceases  and  night 
begins. 

The  same  series  of  phenomena  are  developed  in  an  opposite  order 
before  sunrise  in  the  morning,  commencing  with  the  first  feeble 
light  of  dawn,  and  ending  with  the  full  blaze  of  day,  when  the  disk 
of  the  sun  becomes  visible. 

161.  OTAlfiirmof  disks  of  aim  mud  moon  ezplalaed.— .One 
of  the  most  curious  effects  of  atmospheric  refraction  is  the  oval  form 
of  the  disks  of  the  sun  and  moon,  when  near  the  horizon.  This 
arises  from  the  unequal  refraction  of  the  upper  and  lower  limbs. 
The  latter  being  nearer  the  horizon  is  more  afiected  by  refrvctiou, 
and  therefore  raised  in  a  greater  degree  than  the  upper  limb,  the 
effect  of  which  is  to  bring  the  two  limbs  apparently  doeer  together, 
by  the  difference  between  the  two  refractions.  The  form  of  the 
disk  is  therefore  affected  as  if  it  were  pressed  between  two  forces, 
one  acting  above,  and  the  other  below,  tending  to  compress  its  ver- 
tical diameter,  and  to  give  it  the  form  of  an  ellipse,  the  lesser  axis 
of  which  is  vertical,  and  the  greater  horizontal. 

162.  Parallax. — Since  the  apparent  place  of  a  distant  object 
depends  on  the  direction  of  the  visual  line  drawn  from  the  obserrer 
to  such  object,  and  since  while  the  object  remains  stationary  the 
direction  of  this  visual  line  is  changed  with  every  change  of  position 
of  the  observer,  such  change  of  position  produces  necessarily  a  dis- 
placement in  the  apparent  position  of  the  object 

This  apparent  displacement  of  any  object  seen  at  a  distance,  due 
to  the  change  of  position  of  the  observer,  is  called  pakaixax. 

It  follows  that  a  distant  object  seen  by  two  observers  at  different 
places  on  the  earth  is  seen  in  different  directions,  so  that  its  appa- 
rent place  in  the  firmament  wiU  be  different    It  would  therefore 
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fcSbw,  that  the  aspect  of  the  heavens  would  vaiy  with  every  change 
of  position  of  the  observer  on  the  earth,  just  as  the  relative  position 
of  objects  on  land  which  are  stationary  changes  when  viewed  from 
the  deck  of  a  vessel  which  sails  or  steams  along  the  coast.  But  it 
ao  happens,  that  even  the  greatest  difference  of  position  which  can 
exist  between  observers  on  the  earth's  surface  is  so  small  compared 
even  with  the  nearest  bodies  to  the  earth,  that  the  apparent  dis- 
placement, or  PABAiXAX,  thus  produced  is  very  small;  while  for  the 
most  numerous  of  celestial  objects,  the  stars,  it  is  absolutely  in- 
appreciable by  the  most  refined  means  of  observation  and  measure- 
ment. 

Small  as  it  is,  however,  so  far  as  relates  to  the  nearer  bodies  of 
the  universe,  it  is  capable  of  definite  measurement,  and  its  amount 
for  each  of  them  supplies  one  of  the  data  by  which  their  distances 
are  calculated. 

163.  Apparent  and  tma  plaee  of  an  object.  —  Blunial 
rtnlleT. — When  an  object  is  within  such  a  limit  of  distance  as 
would  cause  a  sensible  displacement  to  be  produced  when  it  is 
viewed  from  difierent  parts  of  the  earth's  surface,  it  is  convenient, 
in  registering  its  apparent  position  at  any  given  time,  to  adopt 
aome  fixed  station  from  which  it  is  supposed  to  be  observed.  The 
station  selected  by  astronomers  for  this  purpose  is  the  centre  of  the 
earth.  The  direction  in  which  an  object  would  be  seen  if  viewed 
from  the  centre  of  the  earth  is  called  its  tbttb  place.  The  direction 
in  which  it  is  seen  from  any  place  of  observation  on  the  8urfiA(;e  is 
called  its  apparent  place,  and  the  apparent  displacement  which 
woold  be  produced  by  the  transfer  of  the  observer  from  the  centre  to 
^  smface  or  vice  versd,  or,  what  is  the  same,  the  difference  between 
tbe  true  and  apparent  places,  is  called  the  DnrBNAL  paballax. 

In  Jig.  46,  let  c  represent  the  centre  of  the  earth,  p  a  place  of 
observation  on  its  surface,  o  an  object  seen  in  the  zenith  of  p,  0'  the 
aame  object  seen  at  the  zenith  distance  OPO^,  and  &^  the  same 
object  seen  in  the  horizon. 

It  is  evident  that  0  will  appear  in  the  same  direction,  whether  it 
be  viewed  from  Por  c.  Hence  it  follows  that  in  the  zenith  there  is 
no  diurnal  parallax,  and  that  there  the  apparent  place  of  an  object 
ia  its  true  place. 

Bat  if  the  object  be  at  0',  then  the  apparent  direction  is  P  </, 
^ile  the  true  direction  is  c  (/,  and  the  apparent  place  of  the  object 
will  be  a',  while  its  true  place  will  be  f}  and  the  diurnal  parallax 
corresponding  to  the  zenith  distance  0  P  0'  will  be  ^  a',  or  the  angle 
t^(/tf,  which  is  equal  to  p  o'c. 

As  the  object  is  more  remote  from  the  zenith  the  parallax  is 
<^gmented,  because  the  semidiameter  c  p  of  the  earth,  which  passes 
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through  the  place  of  observation,  is  more  and  more  nearly  at  right 
angles  to  the  directions  c  o'  and  p  o'. 


^''' 


Fig.  46. 

1 64.  Borlxontal  parallax. — When  the  object  is  in  the  horixoo; 
as  at  0'^,  the  diurnal  parallax  becomes  greatest,  and  is  called  the 
HOBizoNTAL  FABALLAX.    It  is  the  angle  po^'o  which  the  semi-  • 
diameter  of  the  earth  subtends  at  the  object. 

165.  Annual  parallax. — If  the  earth  be  admitted  to  more 
annually  around  the  sun,  as  a  stationary  centre,  all  observers  placed 
on  its  surface,  seeing  distant  objects  from  points  of  view  so  extremely 
distant  one  from  the  other  as  are  the  opposite  extremities  of  its  orbit, 
must  necessarily,  as  might  be  supposed^  see  these  objects  in  vexy 
different  directions. 

To  comprehend  the  effect  which  might  be  expected  to  be  produced 
upon  the  apparent  place  of  a  distant  object  by  such  a  motion,  let  £ 
E'E^B'",^.  47,  represent  the  earth's  annual  course  areund  the 
Sim  as  seen  in  perspective,  and  let  0  be  any  distant  object  visible 
from  the  earth.  The  extremity  E  of  the  line  E  0  which  is  the  visual 
direction  of  the  object,  being  carried  with  the  earth  round  the  circle 
•R'Ef'Bf'  Y!"y  will  annually  describe  a  cone  of  which  the  base  is  the 
path  of  the  earth,  and  the  vertex  is  the  place  of  the  object  o.  While 
the  earth  moves  round  the  circle  B  b'^  the  line  of  viaual  direction 
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would  therefore  have  a  corresponding  motion,  and  the  apparent 

plice  of  the  object  would  be  successively  changed  with  the  change  of 

ttirection  of  this  line.    If  the  object  be 

unagined  to  be  projected  by  the  eye  upon 

the  firmament,  it  would  trace  upon  it  a 

path  oi/  &'  </"y  which  would  be  circular  or 

dhptical,  according  to  the  direction  of  the 

object    When  the  earth  is  at  B,  the  object 

would  be  seen  at  o;  and  when  the  earth 

is  at  E",  it  would  be  seen  at  &',    The  extent 

of  this  apparent  displacement  of  the  object 

would  be  measured  by  the  angle  E  0  e", 

which  the  diameter  E  b"  of  the  earth's  path 

or  orbit  would  subtend  at  the  object  0. 

It  has  been  stated  that,  in  general,  the 
apparent  displacement  of  a  distant  visible 
object  produced  by  any  change  in  the 
station  from  which  it  is  viewed  is  called 
P4BALLAX-  That  which  b  produced  by 
the  change  of  position  due  to  the  diurnal 
notion  of  the  earth  being  called  dittrnal 
JAEALLAX,  the  corresponding  displacement 
due  to  the  annual  motion  of  the  earth  is 

^•ll«d  the  AKNITAL  PARiLIXAX. 

The  greatest  amount,  therefore,  of  the 
"">ual  parall^  for  any  proposed  object  is 
the  angle  which  the  semidiameter  of  the 
^•'tii^s  orbit  subtends  at  such  object,  as  the 
greatest  amount  of  the  diurnal  parallax  is 
the  angle  which  the  semidiameter  of  the 
wth  itself  subtends  at  the  object. 

166.  xis  elliBcts  upon  the  bodies  of 
*^  selar  sjrstem  apparent. — The  effects 
of  annual  parallax  are  observable,  and  in- 
deed are  of  considerable  amount,  in  the 
c«8o  of  all  the  bodies  composing  the  solar 
syrtem.  The  apparent  annual  motion  of  the  sun  is  altogether  du» 
•o  pawUax-  The  apparent  motions  of  the  planets  and  other  bodies 
wmposing  the  solar  system  are  the  effects  of  parallax,  combined 
With  the  real  motions  of  these  various  bodies. 

167.  Ooneral  Absenoo  of  parallax  explained  by  rreat  dto- 
••■•••— With  a  few  exceptions,  no  traces  of  the  eftects  of  annual 
P^allax  have  been  discovered  among  the  innumerable  fixed  stars 
«7  which  the  solar  system  is  surrounded,  and  since,  nevertheless, 
we  annual  motion  of  the  earth  in  its  orbit  rests  upon  a  body  of  €vi* 
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dence  and  is  supported  by  arguments  which  must  be  regarded  aa 
conclusive,  the  absence  of  parallax  can  only  be  ascribed  to  the  fact 
that  the  stars  generally  are  placed  at  distances  from  the  solar  system 
compared  with  which  the  orbit  of  the  earth  shrinks  into  a  point, 
and  therefore  that  the  motion  of  an  observer  round  this  orbit,  vast 
as  it  may  seem  compared  with  all  our  familiar  standards  of  magni- 
tude, produces  no  more  apparent  displacement  of  a  iixed  star  than 
the  motion  of  an  animalcule  round  a  grain  of.  mustard  seed  would 
produce  upon  the  apparent  direction  of  the  moon  or  sun. 

1 68.  Absence  ef  aenaible  parallax  ef  fixed  wtaatm* — When, 
on  any  clear  night,  we  contemplate  the  firmament,  and  behold  the 
countless  multitude  of  objects  that  sparkle  upon  it,  remembering 
what  a  comparatively  small  number  are  comprised  among  those  of 
the  solar  system,  and  even  of  these  how  few  are  visible  at  any  one 
time,  we  are  naturally  impelled  to  the  inquiry,  Where  in  the  uni- 
verse are  these  vast  numbers  of  objects  placed  ? 

Veiy  little  reflection  and  reasoning,  applied  to  th^  oonaideTation 
of  our  own  position  and  to  the  ^pearanoe  of  the  heavens,  will  con- 
vince us  that  the  objects  that  chiefly  appear  on  the  firmament, 
must  be  at  almost  immeasurable  distances.  The  earth  in  its  annual 
course  roimd  the  sun  moves  in  a  circle,  the  diameter  of  which  is 
about  200  millions  of  miles.  We,  who  observe  the  heavens,  are 
transported  upon  it  round  that  vast  circle.  The  station  from  which 
we  observe  the  universe  at  one  period  of  the  year  is,  then,  200 
millions  of  miles  from  the  station  from  which  we  view  it  at  another. 

Now  it  is  a  fact,  within  the  familiar  experience  of  every  one, 
that  the  relative  position  of  objects  will  depend  upon  the  point 
from  which  they  are  viewed.  If  we  stand  upon  the  bank  of  a  river, 
along  the  margin  of  which  a  multitude  of  ships  are  stationed,  and 
view  the  masts  of  the  vessels,  they  will  have  among  each  other  a 
certain  relative  arrangement  If  we  change  our  position,  however, 
through  the  space  of  a  few  hundred  yards,  the  relative  position  of 
these  masts  will  not  be  the  same  as  before.  Two  which  before  lay 
in  line  will  now  be  seen  separate ;  and  two  which  before  were 
separated  are  now  braught  into  line.  Two,  one  of  which  was  to 
the  right  of  the  other,  are  now  reversed ;  that  which  was  to  the 
right,  is  at  the  left,  and  vice  versd ;  nor  are  these  dianges  produced 
by  any  change  of  position  of  the  ships  themselves,  for  they  are 
moored  in  stationary  positions.  The  changes  of  ai^[>earanoe  are  the 
result  of  our  <non  change  of  position ;  and  the  greater  that  change  of 
position  is,  the  greater  wUl  be  the  relative  change  of  these  iq)pear- 
ances.  Let  us  suppose,  however,  that  we  are  moved  to  a  much 
greater  distance  from  the  shipping ;  any  change  in  our  position  will 
produce  much  less  efiect  upon  the  relative  position  of  the  masts ; 
perl^aps  it  will  require  a  very  considerable  change  to  produce  a  per^. 
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ceiTsble  elfoct  upon  tiiem.  TheTefore,  in  proportion  as  our  distance 
from  the  masts  is  increased^  so  in  proportion  will  it  require  a  greater 
change  in  our  own  position  to  produce  the  same  apparent  change  in 
their  position. 

Thus  it  is  with  all  visible  objects.  When  a  multitude  of  station- 
tPf  objects  are  viewed  at  a  distance^  their  relative  position  will 
depend  upon  the  position  of  the  observer ;  and  if  the  station  of  the 
observer  be  changed,  a  change  in  the  relative  position  of  the  objects 
must  be  expected ;  and  if  no  perc^tible  change  is  produced,  it  must 
be  inferred  that  the  distance  of  the  objects  is  incomparably  greater 
than  the  change  of  position  of  the  observer. 

Let  us  now  applj  these  reflections  to  the  case  of  the  earth 
and  the  stars.  The  stars  are  analogous  to  the  masts  of  the  ships, 
and  the  earth  is  the  station  on  which  the  observer  is  placed.  It 
mi^t  have  been  expected  that  the  magnitude  of  the  globe,  being 
eight  thousand  miles  in  diameter,  would  produce  a  change  of  posi- 
tion of  the  observer  sufficient  to  cause  a  change  in  tiie  relative 
podtion  of  ^e  stars,  but  we  find  that  such  is  not  the  case.  The 
Stan,  viewed  from  oppodte  sides  of  the  globe,  present  exactly  the 
aune  appearance ;  we  must,  therefore,  infer  that  the  diameter  of 
the  earth  is  absolutely  nothing  compared  to  their  distance. 

But  the  astronomer  has  still  a  much  larger  modulus  to  fall  back 
i^KOL  He  reflects,  as  has  been  already  observed,  that  he  is  enabled 
to  ?iew  the  stars  firom  two  stations  separated  horn  each  other,  not 
by  8000  miles,  the  diameter  of  the  earth,  but  by  200  millions  of 
miles,  that  of  the  earth^s  orbit.  He,  therefore,  views  the  heavens 
OB  the  1st  of  January,  and  views  them  again  on  the  ist  of  July,  the 
etrth  having  in  the  meanwhile  passed  to  the  opposite  side  of  its 
oibit,  yet  he  finds,  to  his  amazement,  that  the  aspect  is  the  same. 
He  thinks  that  this  cannot  be — that  so  great  a  change  of  position 
in  himself  cannot  fail  to  make  some  change  in  the  apparent  position 
of  the  stars ; — that,  although  their  general  aspect  is  the  same,  yet 
when  submitted  to  exact  examination  a  change  must  assuredly  be 
detected.  He  accordingly  resorts  ta  the  use  of  instruments  of  ob- 
servation capable  of  measuring  the  relative  portions  of  the  stars 
with  the  last  conceivable  precision,  and  he  is  more  than  ever  con- 
founded by  the  fact  that  still  no  discoverable  change  of  position  is 
foond. 

For  a  long  period  of  time  this  result  seemed  inexplicable,  and 
accordingly  it  formed  the  greatest  difficulty  with  astronomers,  in 
admitting  the  annual  motion  of  the  earth.  The  alternative  offered 
was  tids;  it  was  necessary,  either  to  fall  back  upon  the  Ptolemaic 
system,  in  which  the  earth  was  stationary,  or  to  suppose  that  the 
immense  change  of  position  of  the  earth  in  the  course  of  half  a 
year,  could  produce  no  discoverable  change  of  appearance  in  the 
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stars;  a  fact  which  inyolves  the  inference  that  the  ^ameter  of 
the  earth's  orbit  must  be  a  mere  point  compared  with  the  distance 
of  the  nearest  stars.  Such  an  idea  appealed  so  inadmissible  tiiat 
for  a  long  period  of  time  many  preferred  to  embrace  the  Ptolemaic 
hypothesis^  beset  as  it  was  with  difficulties  and  contradictions. 

Improved  means  of  instrumental  obsenration  and  micrometrical 
measurement,  united  with  the  zeal  and  skill  of  observers,  have  at 
length  surmounted  these  difficulties ;  and  the  parallax,  small  in- 
deed but  stUl  capable  of  measurement,  of  several  stars  has  been  as- 
certained. 

1 69.  Methods  of  aaoortalnliiff  the  parallaz  of  flxod  stars. 
— It  will  easily  be  imagined  that  astronomers  have  diligently 
directed  their  observations  to  the  discovery  of  some  change  of  ap- 
parent position,  however  small,  produced  upon  the  stars  by  the 
earth's  motion.  As  the  stars  most  likely  to  be  affected  by  the 
motion  of  the  earth  are  those  which  are  nearest  to  the  system,  and 
therefore  probably  which  are  brightest  and  largest,  it  has  been  to 
such  chiefly  that  this  kind  of  observation  has  been  directed ;  and 
since  it  was  certain  that,  if  any  observable  effect  bo  produced  by  the 
earth's  motion  at  all,  it  must  be  extremely  small,  the  nicest  and 
most  delicate  means  of  observation  were  those  alone  horn  which  the 
discovery  could  be  expected. 

One  of  the  earlier  expedients  adopted  for  the  solution  of  this  pro- 
blem was  the  erection  of  a  telescope,  of  great  length  and  power,  in 
a  position  permanently  fixed,  attached,  for  example,  to  the  .side  of  a 
pier  of  solid  masouiy  erected  upon  a  foundation  of  rock.  This  in- 
strument was  screwed  into  such  a  position  that  particular  stars,  as 
they  crossed  the  meridian,  would  necessarily  pass  within  its  field  of 
view.  Micrometric  wires  were,  in  the  usual  manner,  placed  in  its 
eye-piece,  so  that  the  exact  point  at  which  the  stars  passed  the  me- 
ridi£Ui  each  night,  could  be  observed  and  recorded  with  the  greatest 
precision.  The  instrument  being  thus  fixed  and  immovable,  the 
transits  of  the  stars  were  noted  each  night,  and  their  exact  places 
when  they  passed  the  meridian  recorded.  This  kind  of  observation 
was  carried  on  through  the  year ;  and  if  the  earth's  change  of  posi- 
tion, by  reason  of  its  annual  motion,  should  produce  any  effect  upon 
the  apparent  position  of  the  stars,  it  was  anticipated  that  such  e^t 
would  be  discovered  by  these  means.  After,  however,  making  all 
allowance  for  the  usual  causes  which  affect  the  apparent  position  of 
the  stars,  no  change  of  position  was  discovered  which  could  be  as- 
signed to  the  earth's  motion. 

1 70.  VrofBssor  Bondorson*s  dtsoorery  of  the  pmnUmx  of 
a  Oentanii. — Notwithstanding  the  numerous  difficulties  which 
beset  the  solution  of  this  problem,  by  means  of  observations  made 
with  the  ordinary  instruments,  Professor  Henderson,  during  his  reei- 
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dence  as  astronomer  at  the  Royal  Obsenratoiy  at  the  Cape  of  Good 
Hope^  succeeded  in  making  a  series  of  observations  upon  the  star 
designated  n  in  the  constellation  of  the  Centaur,  which,  being  after- 
wards submitted  by  him  to  the  proper  reductions,  gave  a  parallax  of 
ibont  i'\  Subsequent  observations  made  by  his  successor,  Mr. 
Maclear,  at  the  same  observatory,  partly  with  the  same  instruments 
and  partly  with  an  improved  and  more  efficient  one  of  the  same 
class,  have  fully  confirmed  this  result,  giving  0*91 87,  or  |^ths  of  a 
seeond  as  the  parallax. 

It  is  worthy  of  remark,  that  this  conclusion  of  Messrs.  Hender- 
MQ  and  Maclear  is  confirmed  in  a  remarkable  manner,  by  the  fact 
that  like  observations  and  computations  applied  to  other  stars  in  the 
vicinity  of  a  Centauri,  and  therefore  subject  to  like  annual  causes 
of  {^parent  displacement,  such  as  the  mean  annual  variation  of 
temperature,  gave  no  similar  result,  showing  thus  that  the  displace- 
ment found  in  the  case  of  a  Centauri  could  onlv  be  ascribed  to  par^ 
allax. 

Shioe  the  limits  of  error  of  this  species  of  observation  affecting  the 
final  result  cannot  exceed  the  tenth  of  a  second,  it  may  then  be  as- 
somed  as  proved,  that  the  parallax  of  a  Centauri  is  about  V',  and 
oansequently  that  its  distance  from  the  solar  system  is  such  that 
light  must  tf^e  more  than  three  years  to  move  over  it. 

171.  VarmllaK  of  m  few  stars  asoertminsd. — Notwithstanding 
ihe  great  number  of  stars  to  which  instruments  of  observation  of 
onlooked-for  perfection,  in  the  hands  of  the  most  able  and  zealous 
ohaenrers,  have  been  directed,  the  results  of  such  labours  have 
hitherto  been  rather  negative  than  positive.  The  means  of  obser- 
vation have  been  so  perfect,  and  their  application  so  extensive,  that 
it  may  be  conndered  as  proved  by  the  absence  of  all  measurable 
di^kbcement  consequent  upon  the  orbital  motion  of  the  earth  that, 
A  very  few  individual  stars  excepted,  the  vast  multitude  of  bodies 
which  compose  the  universe  and  which  are  nightly  seen  glittering 
in  the  firmament,  are  at  distances  from  the  solar  system^greater  than 
that  which  wotdd  produce  an  apparent  displacement  amoimting  to 
the  tenth  of  a  second.  This*limit  of  distances  is,  therefore,  ten  par- 
aUactic  units,  or  about  two  million  times  the  space  between  the 
earth  and  sun. 

The  parallax  of  the  following  stars  has  been  determined 
within  some  degree  of  probability  from  the  observations  of 
MM.  Henderson,  Bessel,  Kriiger,  Struve,  and  C.  A.  F.  Peters. 
The  names  and  amount  of  parallax  of  each  star  are  a  Centauri, 
0^*976;  61  Cygni,  o"-348;  Lalande  21258,  o"*26o;  Oeltzen- 
Argelander  17,415-6,  o''-247,-  Groombridge  1830,  o''-226j  a 
Lyr»,  o''*i55 ;  Sirius,  ©''•150;  «  Ursie  Majoris,  o"*i33j  Arc- 
tttnw,  o''-i27;   Polaris,  o"-o67  j  and  Capella,  o"o46. 


122  ASTRONOMY. 

The  parallax  of  the  first  nine  of  theee  stara  may  be  considered 
as  having  been  ascertained  with  tolerable  certainty  and  predsion. 
The  very  small  amount  of  that  of  the  last  two  is  such  as  to  render 
it  more  doubtful  What  is  certain^  however,  in  relation  to  these  is, 
that  the  actual  amount  of  their  parallax  is  less  than  the  tenth  of  a 
second. 


CHAPTER  IX. 

PRBCE88ION  ASD  NUTATIOX. 


1 72.  Bflbets  wbioli  would  be  prodooed  if  m  Mitelllte  were 
ftttmobed  to  tbo  snrteoe  of  tbe  eartb  mt  the  equator. —  If  the 

earth  were  attended  by  a  second  satellite,  revolving  close  to  its  sur- 
face and  in  the  plane  of  its  equator,  the  periodic  time  of  the  satellite 
would  be  considerably  less  than  that  of  the  moon,  in  a  ratio  which 
is  easily  ascertained. 

But  such  a  satellite  would  be  subject  to  the  disturbing  action  of 
the  sun,  which  would  produce  in  its  orbit  inequalities  similar  in 
kind  to,  but  different  in  magnitude  from,  those  produced  by  the  mm's 
disturbing  force  on  the  moon's  orbit  Its  nodes,  that  is,  the  equi- 
noxial  points  (inasmuch  as  its  orbit  is  by  the  supposition  the  pUne 
of  the  equator),  would  receive  a  slow  regressive  motion ;  and  its 
inclination,  that  is,  the  obliquity  of  the  ecliptic,  would  be  subject 
to  a  variation  whose  period  would  depend  on  that  of  the  successive 
returns  of  the  sun  to  the  same  equinoj^al  point 

This  satellite  would  also  be  subject  to  the  disturbing  action  of  the 
moon,  which  would  affect  it  in  a  manner  nearly  similar ;  since,  in 
that  case  also,  the  disturbing  body  would  be  exterior  to  the  disturbed. 
It  would  impart  to  the  line  of  nodes  of  the  supposed  satellite,  that 
is,  to  the  intersection  of  the  plane  of  its  orbit  with  tiie  plane 
of  the  earth's  equator,  a  retrograde  motion  upon  the  former  plane ; 
and  since  that  plane  is  inclined  at  a  very  snudl  angle  to  the  plane 
of  the  ecliptic,  this  would  produce  a  like  retrograde  motion  of  the 
equinoxial  points  upon  the  ecliptic. 

A  variation  of  the  inclination  of  the  plane  of  the  equator  to  that 
of  the  moon's  orbit,  and,  therefore,  to  the  plane  of  the  ecliptic, 
would  also  be  produced,  the  period  of  which  would  depend  on  the 
moon's  motion. 

But  the  moon's  orbit  would  also  be  disturbed  by  the  attraction  of 
the  supposed  satellite.  A  regressive  motion  would  be  imparted  to 
the  line  in  which  the  plane  of  its  orbit  intersects  that  of  the  equator; 
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and  ft  periodical  Tftriation  of  inclinaiioii  would  likewise  be  produced^ 
depending  on  the  period  of  the  supposed  satellite. 

Let  us  now  imagine  that  the  supposed  satellite,  instead  of  revolv- 
mgin  a  short  period,  moves  with  a  much  slower  motion,  and  revolves 
in  23  hours  and  56  minutes,  the  lime  of  the  earth's  rotation.  The 
inequalities  which  it  suifers  and  which  it  produces,  will  then  bo 
ehanged  only  in  their  magnitudes  and  periods,  but  will  retain  the 
0Bme  general  character.  But  the  supposed  satellite  now  having  the 
Mme  motion  precisely  as  the  surface  of  the  earth  dose  to  which  it 
is  placed,  may  be  imagined  to  adhere  to  that  surface,  so  as  to  form, 
in  &ct,  a  part  of  the  earth,  without  in  any  way  deranging  the  con- 
ckaioDs  which  have  been  deduced  above. 

173.  Uke  effBOts  would  be  produced  by  any  number  of 
saeh  autonitooj  or  wbut  would  bo  equlTalentv  by  tbe  epl&e- 
rvUal  fenn. — But  the  same  observations  would  be  equally  appli- 
cable to  any  number  of  satellites  similarly  placed  and  similarly  mov- 
ing, which  might,  therefore,  be  imagined  to  be  successively  attached 
to  the  sur&ce  of  the  globe  at^uid  near  the  equator,  until  such  a  pro- 
tnberance  would  be  formed  upon  it,  as  would  in  effect  convert  it  into 
the  form  of  an  oblate  spheroid,  such  as  the  form  of  the  earth  is 
known  to  be. 

It  is,  however,  to  be  further  considered,  that  the  effects  of  the  dis- 
tmbing  forces  which  thus  act  upon  this  protuberant  matter,  are 
nweaearily  modified  by  the  inertia  of  the  spherical  mass  within  it, 
to  which  it  is  imagined  to  be  attached.  The  protuberant  mass 
which  alone  is  acted  on  by  the  disturbing  forces,  cannot  obey  any 
acti<m  of  these  forces,  without  dragging  with  it  this  vast  spherical 
mass  to  which  it  is  united.  The  motions  and  changes  of  motion, 
therefore,  which  it  receives,  will  be  rendered  slower  in  proportion 
to  the  mass  with  which  such  motions  must  be  shared. 

These  observations  are  obviously  applicable  equally  to  any  of  the 
other  planets,  which  being  attended  by  satellites,  have  the  spheroidal 
form. 

1 74.  Vroeooslon  of  the  oqulnozoa. — Since,  therefore,  we  may 
confer  the  spheroidal  protuberance  round  the  terrestrial  equator  as 
a  satellite  attached  to  the  earth,  it  will  follow  that  the  general  effect 
of  the  sun's  disturbing  force  acting  upon  it,  will  be  to  impart  to 
its  nodes,  that  is,  to  the  equinoxial  points,  a  retrograde  motion^ 
which  will  be  much  slower  than  that  which  they  would  receive 
from  the  same  cause,  if  this  protuberant  matter  were  not  compelled 
to  cany  with  it  the  mass  of  the  earth  contained  within  it. 

The  moon  exercises  a  like  disturbing  force  which  produces  a  like 
regression  of  the  nodes  of  the  equator  on  the  moon's  orbit;  and  that 
orbit  being  inclined  at  a  small  angle  to  the  ecliptic,  this  is  attended 
vdth  a  like  regression  of  the  equinoxial  points. 
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The  mean  annual  regression  of  the  equinoxial  points  upon  &« 
plane  of  the  ecliptic  arising  from  these  causes,  is  50'''! . 

175.  The  mun  returns  to  tlie  equinoxial  point  liefore  00m- 
pletinff  its  roToIvtion.  —  Since  the  equinoxial  points  thus  move 
backwards  on  the  ecliptic,  it  follows  that  the  sun,  after  it  has  in  its 
annual  course  passed  round  the  ecliptic,  will  arrive  at  either 
equinoxial  point  before  it  has  made  a  complete  revolution.  The 
equiuoxial  point  being  50''*  i  behind  the  position  it  had  ^/dien  the 
sun  started  firom  it,  the  sun  will  return  to  it  after  having  moved 
through  50''' I  less  than  a  complete  revolution.  But  since  the 
mejm  hourly  apparent  motion  of  ihe  sun  is  i^y^^'S,  it  foUows  that 
the  centre  of  the  sun  will  return  to  the  equinoxial  pointy  20"  20*'3 
before  completing  its  revolution. 

I  y6.  Bqninozial  and  sidereal  year. — Hence  is  explained  the 
fact,  that  while  the  sidereal  year,  or  actual  revolution  of  the  earth 
round  the  sun,  is  365*  6**  9"  lo'*38,  the  equinoxial  revolution,  or 
the  time  between  two  successive  equinoxes  of  the  same  name,  is 
365*  5**  48"  5o'-4,  the  latter  being  less  than  the  former  by  20"  20'. 

The  successive  returns  of  the  sun  to  the  same  equinoxial  point 
must,  therefore,  always  precede  its  return  to  the  same  point  of  ihe 
ecliptic  by  20"*  20*  of  time,  and  by  50"' I  of  space. 

I  yj.  Period  of  the  precession.  — To  determine  the  period  in 
which  the  equiuoxial  points  moving  backwards  constantly  at  this 
mean  rate  would  make  a  complete  revolution  of  the  ecliptic,  it  is 
only  necessary  to  find  how  often  50''*  I  must  be  repeated  to  make 
up  360°,  or,  what  is  the  same,  to  divide  the  number  of  seconds  in 
360°  by  50*1,  which  gives  25,868  years. 

178.  Its  effect  upon  the  loniritndes  of  celestial  o1i|ects. — 
Although  this  motion,  slow  as  it  is,  is  easily  detected  from  year  to 
year  by  modem  instruments,  it  was  not  until  the  sixteentii  centurr 
that  its  precise  rate  was  ascertained.  Small  as  is  its  annual  amount, 
its  accumulation,  continued  from  year  to  year  fur  a  long  period  of 
time,  causes  a  great  di^lacement  of  all  the  objects  in  the  heavens, 
in  relation  to  the  equinoxial  points  from  which  longitudes  and  right 
ascensions  are  measured.  In  7 1  *6  years,  the  equinoxes  retrograde 
1°,  and  therefore,  in  that  time,  the  longitudes  of  all  celestial  objects 
of  fixed  position,  such  as  the  stars,  have  their  longitudes  augmented 
!**•  Since  the  formation  of  the  earliest  catalogues  in  which  the 
positions  of  the  fixed  stars  were  registered,  the  retrogression  of  the 
equinoxial  points  has  amounted  to  30°,  so  that  the  present  longitude? 
of  all  the  objects  consigned  to  these  catalogues,  is  30®  greater  than 
those  which  are  there  assigned  to  them. 

179.  Precession  of  equinoxes  produces  a  rotation  of  tlie 
pole  of  the  equator  round  that  of  the  ecliptic.  —  If  two  diame^ 
ters  of  the  celestial  sphere  be  imagined  to  be  drawn,  one  perpeii- 
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dieolar  to  the  plane  of  the  equator  and  the  other  to  that  of  the 
rdiptic,  the  angle  included  between  them  will  obvioualj  be  equal 
to  the  angle  under  the  equator  and  ecliptic;  and  since  the  extremities 
of  theae  diameters  are  the  poles  of  the  equator  and  ecliptic,  it  follows 
that  the  arc  of  the  heavens  included  between  these  poles  is  equal 
to  the  obliquity  of  the  ecliptic. 

But  since  a  plane  passing  through  these  diameters  is  at  right 
angles  both  to  tiie  equator  and  ecliptic,  the  line  of  equinoxes  or  the 
intersection  of  the  planes  of  the  equator  and  ecliptic,  will  be  at 
right  angles  to  that  plane.  If,  therefore,  the  equinoxial  points 
revolve  round  the  ecliptic  in  a  retrograde  direction,  it  follows 
that  the  plane  passing  tlm)ugh  the  diameters  above  mentioned,  and 
through  the  poles  of  the  two  circles  to  which  the  line  joining  these 
points  is  at  right  angles,  will  revolve  with  a  like  motion,  round 
that  diameter  of  the  sphere  which  is  at  right  angles  to  the  plane  of 
the  ediptic,  and  which  therefore  terminates  in  its  poles.  .But  since 
the  pole  of  the  celestial  equator  is  upon  this  circle  at  a  distance 
from  the  pole  of  the  ecliptic  equal  to  the  obliquity  of  the  ecliptic, 
it  follows  that  the  pole  of  the  equator  will  be  carried  roimd  the 
pole  of  the  ecliptic,  in  a  lesser  circle  parallel  to  the  plane  of  the 
ecliptic,  with  a  retrograde  motion  exactly  equal  to  that  of  the 
et^oinoxial  points. 

1 80.  DUtanoe  of  pole  of  equator  from  pole  of  eoliptlo 
▼■Hea  wttlB  the  ebliqnitj. — And  since  the  distance  of  the  pole 
of  the  equator  from  that  of  the  ecliptic  must  always  be  exactly 
equal  to  the  obliquity  of  the  ecliptic,  it  follows  that  every  change 
which  may  take  place,  from  whatever  cause,  in  the  position  of  the 
plane  of  the  equator,  whether  the  change  affect  the  angle  at  which 
it  is  inclined  to  the  ecliptic,  or  the  position  of  the  equinoxial  points^ 
most  be  attended  with  a  corresponding  change,  either  in  the  ap- 
pueot  distance  of  the  pole  of  the  equator  from  that  of  the  ecliptic, 
<'r  in  the  rate  or  direction  of  the  motion  of  the  latter  round  the 
former. 

181.  Pole  atar  Taries  ttwn  a^e  to  aye. — As  the  pole  of  the 
equator  is  caTrie4  with  this  slow  motion  round  the  pole  of  the  ecliptic^ 
its  position  for  all  popidar,  and  even  for  some  scientific,  purposes  is 
luukllj  indicated  by  the  nearest  conspicuous  star,  for  it  rarely 
hi^pens  that  any  such  star  is  found  to  coincide  with  its  exact  place. 
Such  star  is  the  pole  star,  for  the  time  being;  and  it  is  clear  from 
this  motion  of  the  pole,  that  the  pole  star  must  necessarily  change 
from  age  to  age. 

The  present  polar  star  is  a  star  of  the  second  magnitude  in  the 
constellation  called  the  ^Liesser  Bear,"  and  its  present  distance 
(raoi  tiie  exact  position  of  the  pole  is  1*  26'. 

The  motion  of  the  pole  as  above  described^  however^  is  such 
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that  this  distance  is  gradually  diminishing,  and  will  continue  to 
diminish  until  it  is  reduced  to  about  half  a  degree;  after  which  it 
will  increase,  and  after  the  lapse  of  a  long  period  of  time,  the  pole 
will  depart  from  this  star/ and  it  will  cease  to  bear  the  name,  or 
serve  the  purposes,  of  a  pole  star. 

182.  Vormer  and  ftitnre  pole  stars. — If  upon  any  star-map  a 
circle  be  traced  round  the  pole  of  the  ecliptic  at  a  distance  from  it 
of  23°'5,  such  circle  will  pass  through  all  positions  which  the  pole 
of  the  equator  will  have  in  time  to  come,  or  has  bad  in  time 
past;  and  it  will  then  be  easily  seen  which  are  the  conspicuous 
stars  in  whose  neighbourhood  it  will  pass  in  after  ages,  and  near 
which  it  has  passed  in  past  ages,  and  which  wiU  become  in  future, 
or  have  been  m  past  times,  the  pole  star  of  the  age. 

In  1 2,000  years  from  the  present  time,  for  example,  it  will  be 
found  that  the  pole  will  pass  within  a  few  degrees  of  the  star  of 
^e  first  magnitude  in  the  constellation  of  "  Lyra,''  called  a  Lyra. 

In  tracing  back  in  the  same  manner  the  position  of  the  pole 
among  the  stars,  it  is  found  that  at  an  epoch  3970,  or  nearly  4000 
years,  before  the  present  time,  the  pole  was  55^  15'  behind  its 
present  position  in  longitude;  and  at  this  time  t^e  nearest  bright 
star  to  it  was  the  star  7,  in  the  constellation  of  "  Draco."  The 
distance  of  this  star,  at  that  time,  from  the  pole  must  have  been  3*^ 

44'  »5"- 

1 83.  Bemarkabls  ofroumstaiiee  oonneeted  with  tiM  pjnm* 
mids. — In  the  researches  which  have  been  made  in  Egypt,  • 
somewhat  remarkable  circumstance  has  been  discovered,  having 
relation  to  this  subject. 

Of  the  nine  pyramids  which  still  remain  standing  at  Gizeh,  six 
have  openings  presented  to  the  north,  leading  to  straight  passages 
which  descend  at  an  inclination  varying  from  26^  to  27%  the  axee 
of  the  passages  being  in  all  cases  in  ti^e  plane  of  the  meridian  of 
the  pyramid.  Two  pyramids,  still  standing  at  Abousseir,  have 
similar  openings  leading  to  passages  having  similar  directions. 

Now,  if  we  imagine  ap  observer  stationed  at  the  bottom  of  any 
of  these  passages,  and  looking  out  along  its  axis  as  he  would  look 
through  the  tube  of  a  telescope,  his  view  wiU  be  directed  to  a  point 
upon  the  northern  meridian  of  the  place  of  the  pyramid  at  an  alti- 
tude of  between  26®  and  27°,  corresponding  witii  the  slope  of  the 
passage.  This  is  precisely  the  altitude  at  which  the  star  y  Draconis 
must  have  passed  the  meridian  below  the  pole,  at  the  date  of  3970 
years  before  the  present  time,  allowing  for  the  difference  of  position 
of  the  pole  according  to  the  principle  affecting  the  precession  of  tiie 
equinoxes  explained  above.  Now,  the  date  of  the  construction  ci 
the  pyramids  corresponds  almost  exactiy  with  this  epoch;  and  it 
cannot  be  doubted,  that  the  peculiar  direction  given  to  these 
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pawagee  must  hATe  had  reference  to  the  position  of  y  Draconis,  the 
p(de  star  of  that  age. 

1 84.  WntatloB. — The  regression,  already  explained,  of  the  equi- 
Doxial  points  upon  the  ecliptic,  must  he  understood  as  their  mean 
change  of  place  produced  hy  the  disturbing  forces  of  the  sun  and 
moon  upon  the  protuberant  matter  of  the  equator  in  long  periods  of 
time.  But  this  regression  is  not  produced  at  a  uniform  rate.  The 
diitoibing-  forces  Tarj  in  their  actions  according  to  the  general 
principlea  already  explained,  with  the  angles  formed  by  lines  drawn 
fhm  the  sun  and  moon  to  the  centre  of  the  earth  with  the  plane  of 
the  equator.  So  far  as  relates  to  the  sun,  this  variation  in  its  effect 
goes  through  all  its  changes  within  a  year.  In  the  case  of  the 
moou,  it  will  obviously  vary  from  month  to  month  and  from  year 
to  year,  with  the  change  of  position  of  the  moon's  nodes ;  and  as 
these  nodes  hare  a  regressive  motion  making  a  complete  revolution 
in  about  nineteen  years,  the  variation  of  the  effect  of  the  moon's 
disturbing  force  will  pass  through  all  its  changes  within  that  period. 
The  regressive  motion  imparted  to  the  eqninoxial  points,  and  also 
to  tiie  pole  of  the  equator  in  moving  round  the  pole  of  the  ecliptic, 
as  already  described,  by  the  sun  and  moon,  is  therefore  subject  to 
an  alternate  increase  and  decrease,  whose  period  is  a  year  for  the 
son,  and  nineteen  years  for  the  moon. 

But  these  are  not  the  only  effects  produced  upon  the  position  of 
the  pole  of  the  equator  by  the  disturbing  action  of  the  moon  and 
son.  According  to  the  effects  of  the  ordiogonal  component  of  the 
diifcuii>ing  force,  it  will  be  easily  understood  that  the  protuberant 
matter  of  the  equator  being  regsutled  as  a  satellite  disturbed  by  the 
son  and  moon,  the  inclination  of  the  plane  of  the  equator  to  the 
ecliptic  will  be  subject  to  a  variation  proceeding  from  the  disturb- 
ing force  of  the  sun,  whose  period  will  be  a  year ;  and  its  inclina- 
tion to  the  plane  of  the  moon's  orbit  will  be  subject  to  a  like 
▼ariation  whose  period  is  about  nineteen  years.  These  changes 
of  the  inclination  of  the  plane  of  the  equator  to  that  of  the 
ecliptic  and  the  moon's  orbit  will  be  attended  with  a  correspond- 
ing nM>tion  of  the  pole  of  the  equator  to  and  from  the  pole  of  the 
ediptic 

This  alternate  approach  and  recess  of  the  pole  of  the  equator  to 
and  from  the  pole  of  the  ecliptic,  combined  with  thealtemate  increase 
and  decrease  of  its  regressive  motion,  is  called  the  inrrAHON ;  that 
part  of  it  due  to  the  sun  being  called  the  9olar  nutation ;  and  that 
due  to  the  inoon,  the  kmar  nutation. 

The  solar  nutation  is  an  inequality  of  so  small  amount  as  alto- 
gether to  escape  observation,  and  therefore  must  be  looked  upon  to 
have  a  merely  theoretical  existence. 

It  is  otherwise;  however,  with  the  lunar  nutation.    By  the  alter- 


128 


ASTRONOMY. 


nate  increase  and  decrease  of  the  regressive  motion  of  the  pol€ 
combined  with  its  alternate  approach  and  recess  to  and  from  th< 
pole  of  the  ecliptic,  the  pole  is  moved  in  such  a  manner  that,  if  i 
were  affected  only  bj  the  disturbing  foro 
of  the  moon,  it  would  describe  an  ellips* 
such  as  A  B  c  D,  Jig.  48  \  the  major  axis  o; 
which  would  be  in  the  direction  a  E  of  th< 
pole  of  the  ecliptic,  and  would  measure 
18'''^,  while  the  minor  axis  would  be  a1 
right  angles  to  this  direction^  and  would 
measure  I3"74. 

But  while  the  pole  of  the  equator  de- 
scribes this  ellipse  completing  its  revolution 
in  nineteen  years,  it  is  carried  by  the  common 
motion  of  precession,  in  a  retrograde  direc- 
tion, as  ab'eady  described,  at  the  rate  of 
50"- 1  in  each  year,  and  will,  therefore,  in 
nineteen  years  be  carried  through  1 5^*5  in 
its  motion  round  the  pole  of  the  equator. 
Now,  by  combining  this  motion  with  the 
elliptic  motion  already  described,  it  will  be 
easily  seen  that  the  pole  of  the  equator 
would,  in  revolving  round  the  pole  of  the 
ecliptic,  alternately  approaching  to  it  and 
receding  from  it  through  9"*25,  describe 
an  undulating  line  such  as  is  represented  in 
fig  49,  where  P  represents  the  pole  of  the  ecliptic. 

185.  aquation  of  tbe  oquinoxoa. — Since  the  regresfflon  of  the 

equinoxes  does  not  take  place 
at  an  uniform  rate,  but  is  subject 
to  variations^  alternately  in- 
creasing and  decreasing  during 
every  nineteen  years^  its  true 
place  will  differ  from  its  mean 
place.  If  we  conceive  an  ima- 
ginaiy  equinoxial  point  moving 
backward,  with  an  unifbnn  mo- 
tion at  the  rate  of  50'^- 1,  the 
place  of  such  point  would  be  the 
mean  place  of  the  equinoxial 
point  The  true  place  would 
J,.  vary  from  this,  preo^dingit  when 

'*'^*  the  disturbing  force  augments 

the  rate  at  which  the  equinoiial  point  moves,  and  falling  behind  it 
when  it  decreases  that  rate. 


Hg.48. 
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The  distance  between  the  tme  and  ima^nary  equinozial  pointa 
is  called  the  suttation  of  the  EaunroxES. 

The  mean  place  of  the  equinox  for  any  proposed  time  is  given  by 
tables ;  and  liie  equation  of  the  equinoxes  for  the  proposed  time 
gives  the  quantity  to  be  added  tO;  or  subtracted  firom,  the  mean  place, 
to  find  the  true  place. 

186.  Vroportlon  of  tlie'meaii  preoeMlon  due  to  tbo  dla- 
tarbiiiir  forces  of  tlio  moon  and  ann. — If  the  entire  amount  of 
the  mean  precession  in  a  given  time  be  expressed  by  7,  the  part  due 
to  the  moon  will  be  5,  and  that  due  to  the  sim  will  be  2. 

187.  &lko  efllBOts  prednoed  In  tlie  case  of  other  planets. — 
These  disturbing  effects  produced  upon  the  plane  of  the  planet's 
equator,  are  not  confined  to  the  case  of  the  earth.  All  the  planets 
which  have  the  spheroidal  form,  are  subject  to  similar  effects  from 
the  8un*s  attraction  on  their  equatorial  protuberance,  the  magnitude 
of  these  effects  being,  however,  less  as  the  distance  from  the  sun  is 
iucreased.  In  the  case  of  the  major  planets,  the  sun's  disturbing 
action  on  the  planet's  equator,  proceeding  from  this  cause,  will  be 
altogether  insensible. 

The  disturbing  forces  of  the  satellites  exerted  upon  the  plane  of 
the  equator,  in  the  cases  of  the  major  planets,  however,  must  be 
considerable  in  magnitude,  especially  so  far  as  relates  to  the  inner 
eatellites,  and  very  complicated  in  its  character,  the  precession  and 
nutation  of  each  of  the  satellites  separately  being  combined  in 
afiecting  the  actual  position  of  the  pole  of  the  planet. 

Since,  however,  these  phenomena  are  necessaHly  local,  and 
manifested  only  to  observers  on  the  planet,  they  offer  merely  spe- 
culative interest  to  the  terrestrial  astronomer. 


CHAPTER  X 


188.  Tlia  moon  an  object  of  popular  interest. — Although 
it  be  in  mere  magnitude,  and  physically  considered,  one  of  the  most 
insignificant  bodies  of  the  solar  system,  yet  for  various  reasons,  the 
HOOK  has  always  been  regarded  by  mankind  with  feelings  of  pro- 
found interest,  and  has  been  invested  by  the  popular  mind  with 
various  influences,  affecting  not  only  the  physical  condition  of  the 
globe,  but  also  the  phenomena  of  the  organised  world.  It  has  been 
as  much  an  object  of  popular  superstition  as  of  scientific  observa- 
tion.   These  circumstances,  doubtless,  are  in  some  degree  owing  to 
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its  striJdiig  appearance  in  the  finnament,  to  the  Tarious  changes  of 
form  to  whidi  it  is  subject^  and  above  all  to  its  proximity  to  the 
earth,  and  the  dose  alliance  between  it  and  our  planet 

1 89.  Xts  dlstanee. — The  distance  of  the  moon  from  the  earth 
ia  assumed  to  be  about  thirty  times  the  earth's  diameter,  or  in 
round  numbers  238,800  miles. 

190.  auaear  Talne  of  i'^  ob  it. — ^The  linear  value  which  cor- 
responds to  the  visual  angle  of  one  second  of  space  on  the  sorfoce 
of  the  moon  is  1*158  mile.*  Any  space,  therefore,  upon  the  moon^ 
measured  by  its  visual  angle,  can  be  reduced  to  its  actual  linear 
value,  provided  its  direction  be  at  right  angles  to  the  visual  ray, 
which  it  will  be  if  it  be  at  the  centre  of  the  lunar  disk.  If  it  be 
between  the  centre  and  the  edges  it  will  be  foreshortened  by  the 
obliquity  of  the  moon's  surface  to  the  line  of  vision,  and,  conse- 
quently, the  linear  value  thus  computed  will  be  the  real  linear 
value  diminished  by  projection,  which,  however,  can  be  easily 
allowed  for,  so  that  the  true  linear  value  can  be  obtained  for  every 
part  of  the  lunar  disk. 

191.  Xta  aiiparent  androal  dlameter.^The  apparent  dia- 
meter of  the  moon  is  subject  to  a  slight  variation,  owing  to  a  cor- 
responding variation  due  to  the  smaU  eUiptidty  of  its  orbit  Its 
mean  value  is  found  to  be  31'  9^^*58,  or,  from  the  most  exact 
methods,  Z164  miles. 

Since  the  superficial  magnitude  of  spheres  is  as  ^e  squares,  and 
their  volume  or  solid  bulk  as  the  cubes,  of  their  diameters,  it  follows, 
that  the  superficial  extent  of  the  moon  is  about  the  fourteenth  port 
of  the  surface,  and  its  volume  about  the  forty-ninth  part  of  the 
bulk,  of  OUT  globe. 

192.  Appmrent  and  r«al  motloii. — The  moon,  like  the  sun, 
appears  to  move  upon  the  celestial  sphere  in  a  direction  contraiy  to 
that  of  the  diurnal  motion.  Its  apparent  path  is  a  great  circle  of 
the  sphere,  inclined  to  the  ecliptic  at  an  angle  of  about  5**  8'  48'^ 
It  completes  its  revolution  of  llie  heavens  in  27'  7^  43*. 

This  apparent  motion  is  explained  by  a  real  motion  of  the  moon 
round  the  earth  at  the  mean  distance  above  mentioned,  and  in  ^e 
time  in  which  the  apparent  revolution  is  completed. 

193.  Bonrly  motionf  apparent  and  real* — Since  the  time 
taken  by  the  moon  to  make  a  complete  revolution,  or  360^  of  the 
heavens,  is  27*  7**  43"*,  or  65  5** 7  2,  it  follows,  that  her  mean  ap- 
parent motion  per  day  is  13°  10'  35",  and  per  hour  is  32'  56"; 
which  is  a  little  more  than  her  mean  apparent  diameter.  The  rate 
of  the  moon's  apparent  motion  on  the  firmament  may  therefore  be 
remembered  by  the  fact,  that  she  moves  over  the  len^  of  her  own 
apparent  diameter  in  an  hour. 

*  For  the  method  of  determining  the  linear  ralne  of  an  arc  of  i^*  i'»  W  '' 
at  a  diAtant  object,  «ee  Chapter  XXIIL 
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^ce  the  linear  value  of  i^'  at  tHe  moon's  distance  is  i '  1 58  mile, 

the  linear  Talue  of  i^  is  69  miles,  and,  consequently,  the  real  motion 
of  the  moon  per  hour  in  her  orbit,  is  2189  miles.  Her  orbital 
motion  Ib  therefore  at  the  rate  of  36^  miles  per  minute. 

194.  Orbit  •llli^eal. — Although  in  its  general  form  and 
character  the  path  of  the  moon  round  the  earth  is,  like  the  orbits 
of  the  planets  and  satellites,  circular,  yet  when  submitted  to  accu- 
nie  observation,  we  find  that  it  is  strictly  an  ellipse  or  oval,  the 
centre  of  the  earth  occupying  one  of  its  foci.  This  fact  can  be  as-- 
ceitiined  by  immediate  observation  upon  the  apparent  magnitude 
of  the  moon.  It  will  be  easily  comprehended  that  any  change 
which  the  apparent  magnitude^  as  seen  from  the  earth,  undergoes, 
must  arise  £rom  corresponding  changes  in  the  moon's  distance  from 
<u.  Thus,  if  at  one  time  the  disk  of  the  moon  appears  larger  than 
at  another  time,  aa  it  cannot  be  supposed  that  the  actual  size  of  the 
moon  itsdf  could  be  changed,  we  can  only  ascribe  the  increase  of 
the  apparent  magnitude  to  the  diminution  of  its  distance.  Now  we 
M  by  observation  that  such  apparent  changes  are  actually  observed 
in  Its  monthly  course  around  the  earth.  The  moon  is  subject  to  a 
small  though  perceptible  yaiiation  of  apparent  size.  We  find  that 
it  diminishes  until  it  reaches  a  minimum^  and  then  gradually  in- 
ci^ases  until  it  reaches  a  maximmn. 

When  the  apparent  magnitude  is  least,  it  is  at  its  greatest 
^istince,  and  when  greatest,  at  its  least  distance.  The  positions 
in  which  these  distenoes  lie  are  directly  opposite.  Between 
these  two  podtions  the  apparent  size  of  the  moon  undergoes  a 
i^gohff  and  gradual  change,  increasing  continually  from  its  mini- 
mum to  its  maximum,  and  consequently  between  these  positions 
its  distance  must  gradually  diminish  £rom  its  maximum  to  its 
ttimmom.  If  we  lay  down  on  a  chart  or  plan  a  delineation  of 
the  conrae  or  path  thus  determined,  we  shall  find  that  it  will  re- 
present an  oval,  which  differs  however  very  little  from  a  circle ; 
the  place  of  the  earth  being  nearer  to  one  end  of  the  oval  than  the 
other. 

195*  Mooa's  apsides — apogee  and  periflree — profr^aaioa 
^  Um  apsides. — The  point  of  the  moon^s  path  in  the  heavens  at 
which  its  magnitude  appefu«  the  greatest,  and  when,  therefore,  it 
is  nearest  the  earth,  is' called  its  fsrigee  ;  and  the  point  where  its 
apparent  size  is  least,  and  where,  therefore,  its  distance  from  the 
^anh  is  greatest^  is  called  its  apogbb.  These  two  points  are  called 
the  mooh's  apsides. 

If  the  positions  of  these  points  in  the  heavens  be  observed  ac- 
curately for  a  length  of  time,  it  will  be  foimd  that  they  are  subject  to 
a  regular  change ;  that  is  to  say,  the  place  where  the  moon  appears 
SQudlest  will  every  month  shift  its  position;  and  a  corresponding 
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change  will  take  place  in  the  point  where  it  appears  largest  The 
movement  of  these  points  in  the  heayens  is  fomid  to  be  in  the  sams 
direction  as  the  general  movement  of  the  planets;  that  is,  from 
west  to  east;  or  progressiye.     This  phenomenon  is  called  the  pbo- 

GBESSION  OF  THE  KOOK'S  APSIDES. 

The  rate  of  this  progression  of  the  moon's  apsides  makes  a  com- 
plete revolution  in  a  similar  direction  as  the  motion  of  the  moon^  in 
3232*5753  mean  solar  days^  or  nearly  nine  years. 

196.  Moon's  nodes — asoendlnc  and  desoondinc  node — 
tlioir  retrorreaalon.  —If  the  position  of  the  moon's  centre  in  the 
heavens  be  observed  from  day  to  day,  it  will  be  fomid  that  its 
apparent  path  is  a  great  circle,  making  an  angle  of  about  5^  with 
the  ecliptic  This  path  consequently  crosses  the  ecliptic  at  two 
points  in  opposite  quarters  of  the  heavens.  These  points  are  called 
the  moon's  nodes.  Their  positions  are  ascertained  by  observing  from 
time  to  time  the  distance  of  the  moon's  centre  frY)m  the  ecliptic, 
which  is  the  moon's  latitude ;  by  watching  its  gradual  diminution, 
and  finding  the  point  at  which  it  becomes  nothing^;  the  moon's 
centre  is  then  in  the  ecliptic,  and  its  position  is  the  node.  The  node 
at  which  the  moon  passes  from  the  south  to  the  north  of  the  ecliptic 
is  called  the  ascending  node,  and  that  at  which  it  passes  from  the 
north  to  the  south  is  called  the  descending  node. 

These  points,  like  the  apsides,  are  subject  to  a  small  chan^ 
of  position,  but  in  a  retrograde  direction.  They  make  a  comptet^ 
revolution  of  the  ecliptic  in  a  direction  contrary  to  the  motion  of  the 
sun  in  1 8*6  years,  being  at  the  rate  of  3'  io''*6  per  day. 

1 97.  Rotation  on  Ita  axis.  — While  the  moon  moves  round  the 
earth  thus  in  its  monthly  course,  we  find,  by  observations  of  its 
appearance,  made  even  without  the  aid  of  telescopes,  that  the  same 
hemisphere  is  always  turned  towards  us.  We  recognise  this 
fact  by  observing  that  the  same  marks  are  always  seen  in  the 
same  positions  upon  it.  Now  in  order  that  a  globe  which  revolver 
in  a  circle  around  a  centre  should  turn  continually  the  same 
hemisphere  towards  that  centre,  it  is  necessaiy  that  it  should  make 
one  revolution  upon  its  axis  in  the  time  it  takes  so  to  revolve. 
For  let  us  suppose  that  the  globe,  in  any  one  position,  has  the 
centre  roimd  which  it  revolves  north  of  it,  the  hemisphere  tamed 
toward  the  centre  is  turned  toward  the  north.  After  it  makes  a 
quarter  of  a  revolution,  the  centre  is  to  the  east  of  it,  and  the 
hemisphere  which  was  previously  turned  to  the  north  must  now  be 
turned  to  the  east  After  it  has  made  another  quarter  of  a  revolu- 
tion the  centre  will  be  south  of  it,  and  it  must  be  now  turned  to  the 
south.  In  the  same  manner,  after  another  quarter  of  a  revolution, 
it  must  be  turned  to  the  wes^.  As  the  same  hemisphere  is  succes- 
sively turned  to  all  the  points  of  the  compass  in  one  revolution,  it 
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is  erident  that  the  globe  itself  most  make  a  single  revolution  on  its 
axis  in  that  time. 

It  appears,  then,  that  the  rotation  of  the  moon  upon  its  axis, 
being  equal  to  that  of  its  •  revolution  in  its  orbit,  is  27*  7**  43"', 
or  655"*  43"*.  The  intervals  of  light  and  -darkness  to  the  iiohabitants 
of  the  moon,  if  there  were  any,  would  then  be  altogether  different 
from  those  provided  in  the  pUmets ;  there  would  be  about  327**  52" 
of  contmned  light  alternately  with  327**  5  2™  of  continued  darkness ; 
the  analogy,  then,  which,  as  will  hereafter  appear,  prevails  among 
the  planets  with  regard  to  days  and  nights,  and  which  forms  a  main 
ugnment  in  favour  of  the  ocmdusion  that  they  are  inhabited  globes 
like  the  earth,  does  not  hold  good  in  the  case  of  the  moon. 

198.  IncUiMitimi  or  axis  of  rotatioii. — Although  as  a  general 
pTopositiou  it  be  true  that  the  san^e  hemisphere  of  the  moon  is  al- 
wijB  turned  toward  the  earth,  yet  there  are  small  variations  at  the 
edge  called  librations,  which  it  is  necessaiy  to  notice.  The  axis 
of  the  moon  is  not  exactly  perpendicular  to  its  orbit,  being  inclined 
to  the  eoliptic  at  the  small  angle  of  i®  30^  lo"-8.  By  reitson  of 
tins  inclination,  the  northern  and  southern  poles  of  the  moon  lean 
ftltemately  in  a  slight  degree  to  and  from  the  earth. 

199.  Ulnvtion  IB  latitude.  —  When  the  north  pole  leans 
towards  the  earth,  we  see  a  little  more  of  that  region,  and  a  little 
i<^  when  it  leans  the  contrary  way.  This  variation  in  the 
i^OTthem  and  southern  regions  of  the  moon  visible  to  us,  is  called 
the  UBRAHON  iw  latitudb. 

20a  Utnratioii  in.  lonfitiide. — In  order  that  in  a  strict  sense 
the  same  hemisphere  should  be  ^continually  turned  toward  the  earth, 
the  time  of  rotation  upon  its  axis  must  not  only  be  eqiuil  to  the 
time  of  rotation  in  its  orbit,  which  in  fact  it  is,  but  its  angular  velocity 
on  its  axis  in  every  part  of  its  course,  must  be  exactly  equal  to  its 
angular  velocity  in  its  orbit  Now  it  happens  that  while  its  angular 
velocity  on  its  ass  is  rigorously  uniform  throughout  the  month,  its 
ftifpilar  velocity  in  its  orbit  is  subject  to  a  slight  variation ;  the 
consequence  of  this  is  that  a  little  more  of  its  eastern  or  western 
^e  is  seen  at  one  time  than  at  another.    This  is  called  the  libra.- 

nOK  IS  LONGITUDE. 

201.  Bionial  libration. — By  the  diurnal  motion  of  the  eftrth, 
^  are  carried  with  it  round  its  axis ;  the  stations  from  which  we 
^ew  ^e  moon  in  the  morning  and  evening,  or  rather  when  it  rises 
■nd  when  it  sets,  are  then  difterent  according  to  the  latitude  of  the 
^^^  in  which  we  are  placed.  By  thus  viewing  it  from  different 
places,  we  see  it  under  slightly  different  aspects.  This  is  another 
^'^uae  of  a  variation,  which  we  see  in  its  eastern  and  western  edges ; 
this  is  called  the  ditrnal  mbratioi'. 

202.  Whrnmem  of  tho  moon. — While  the  moon  revolves  round 
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the  eartb,  its  illuminated  hemisphere  is  always  presented  to  the  sun ; 
it  therefore  takes  various  positions  in  reference  to  the  earth.  In 
fig.  50,  the  effects  of  this  are  exhibited.     Let  £  s  represent  the  di- 


Fig.  50. 

rection  of  the  sun,  and  Ethe  earth :  when  the  moon  is  at  N^  between 
the  sun  and  the  earth,  its  illuminated  hemisphere  being  turned 
toward  the  sun,  its  dark  hemisphere  wilJ  be  presented  toward  tiie 
earth ;  it  will  therefore  be  invisible.  In  this  position  the  moon  is 
said  to  be  in  oonjtjnctiow. 

When  it  moves  to  the  position  0,  the  enlightened  hemisphere 
being  still  presented  to  the  sun^  a  small  portion  of  it  onlj  is 
turned  to  the  earthy  and  it  appears  as  a  thin  crescent,  as  represented 
at  c. 

When  the  moon  takes  the  position  of  %  at  right  angles  to  the  sun 
it  is  said  to  be  in  quadrature  ;  one  half  of  the  enlightened  hemi- 
sphere only  is  then  presented  to  the  earth,  and  the  moon  appears 
halved  as  represented  at  q,     . 

When  it  arrives  at  the  position  o,  the  greater  part  of  the  en- 
lightened portion  is  turned  to  the  earth,  and  it  is  gibbous,  appearing 
as  represented  at  g. 

When  the  moon  comes  in  oppositiok  to  the  sun,  as  seen  at  F, 
the  enlightened  hemisphere  is  turned  full  toward  the  earth,  and  the 
moon  will  appear  full  as  at  /,  unless  it  be  obscured  by  the  earth's 
shadow,  which  rarely  happens.  In  the  same  manner  it  is  shown 
that  at  o^  it  is  agiun  gibbous ;  at  oi  it  is  halved,  and  at  o"  it  is  a 
crescent. 

When  the  moon  is  full,  being  in  opposition  to  the  sun,  it  will 
necessarily  be  in  the  meridian  at  midxiight,  and  will  rise  neajfty  as 
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tin  8iin  sets,  and  set  naarlj  bM  the  mm  rises;  and  thus,  whenever 
the  enlightened  hemisphere  is  tamed  toward  us,  and  when,  therefore, 
h  is  the  most  ciqMible  of  henefiting  us,  it  is  ahoTe  the  horizon  all 
Bight ;  whereas,  when  it  Ib  in  conjunction,  as  at  v,  and  the  daric 
hmi^iere  is  turned  toward  us,  it  would  then  he  of  no  use  to  us, 
I  accordingly  above  the  horizon  during  the  day.  The  position 
^  called  the  "  first  quarter,"  and  at  a'  the  ''last  quarter."  The 
I  at  c  is  called  the  first  octant ;  o  the  second  octant  j  e' the  third 
\  and  </  the  fourth  octant  At  the  first  and  fourth  octants 
steecent,  and  at  the  second  and  third  octants  it  is  gibbous. 
IBjBOdlQ  perioA  or  oommon  montli. — The  apparent 
t  of  the  moon  in  the  heavens  is  much  more  rapid  than  tiiat  of 
i ;  for  while  the  sun  makes  a  complete  circuit  of  the  ecliptic  in 
;  days,  and  therefore  moves  over  it  at  about  61^  per  day,  the 
kitoves  at  the  rate  of  1 3^  i  c/  3  5'^  ( 1 93)  per  day.  As  the  sun 
I  appear  to  move  in  the  same  direction  in  the  firmament, 
^  from  west  to  east,  the  moon  will,  after  conjunction, 
i  from  the  sun  toward  the  east  at  the  rate  of  about  1 2^  g'  per 
If  then,  the  moon  be  in  conj  unction  with  the  sun  on  any  given 
day,  it  will  be  1 2^  9^  east  of  it  at  the  same  time  on  the  following 
day ;  24®  1 8'  ea6t  of  it  after  two  days,  and  so  on.  If,  then,  the  moon 
set  witii  the  sun  on  any  evening,  it  will,  at  the  moment  of  sunset 
on  the  following  evening,  be  1 2^  9'  east  of  the  sun,  and  at  sunset 
will  appear  as  a  thin  crescent,  at  a  considerable  altitude ;  on  the 
sacceeding  day  it  will  be  24^  1 8'  east  of  the  sun,  and  will  be  at 
a  still  greater  altitude  at  sunset,  and  will  be  a  broader  crescent. 
After  seven  days,  the  moon  will  be  removed  nearly  90^  from  the 
sun;  it  will  be  at  or  near  the  meridian  at  sunset  It  will  remain 
m  tiie  heavens  for  about  six  hours  after  sunset,  and  will  be  seen  in 
the  west  as  the  half-moon.  Each  successive  evening  increasing  its 
distance  from  the  sun,  and  also  increasing  its  breadth,  it  will  be 
visible  in  the  meridian  at  a  later  hour,  and  will  consequently  be 
longer  apparent  in  the  firmament  during  the  night — it  will  then  be 
gibbous.  After  about  fifteen  days,  it  will  be  1 80®  removed  from 
the  son,  and  will  be  fuU,  and  consequently  will  rise  when  the  sun 
lets,  and  set  when  the  sun  rises — being  visible  the  entire  night 
After  the  lapse  of  about  twenty-two  days,  the  distance  of  the  moon 
froo:  the  sun  being  about  270^,  it  will  not  reach  the  meridian 
until  nearly  the  hour  of  sunrise ;  it  will  then  be  visible  during  the 
last  six  hours  of  the  night  only.  The  moon  will  then  be  waning, 
and  toward  the  dose  of  the  month  will  only  be  seen  in  the  morn- 
ing before  sunrise,  and  will  appear  as  a  crescent 

If  the  earth  and  sun  were  both  stationary  while  the  moon  revolves 
lound  the  former,  the  period  of  the  phases  would  be  the  same  aa 
the  period  of  the  moon.    But  from  what  has  been  explained,  it  will 
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be  eyident  that  while  the  moon  Biakea  its  apparent  reyolutioii  of 
the  heavens  in  about  27*3  dajs,  the  sun  advances  through  somewhat 
more  than  27^  of  the  heavens^  m  the  Mtne  direction.  Before  the 
moon  can  leassume  the  same  phase^  it  must  have  the  same  position 
relative  to  the  sun,  and  must,  therefore,  overtake  it.  But  since  it 
moves  at  the  rate  of  about  i^  in  two  hours,  it  will  take  more  than 
two  days  to  move  over  27^.  Hence  the  synodio  psbiod,  or  lunar 
month,  or  the  interval  between  two  successive  conjunctions,  is  about 
two  days  longer  than  the  sidereal  period  of  oui  satellite. 

The  exact  length  of  the  synodic  period  is  29*  12**  44™  2''87,  or 
29*53059  mean  solar  days. 

204.  Mam  and  densltj.  —  The  result  of  the  most  recent  sola- . 
tions  of  this  problem,  by  various  methods  and  on  different  data, 
proves  that  the  mass  or  quantiiy  of  matter  composing  the  globe  of 
the  moon  is  a  little  more  than  the  80th  part  of  the  mass  of  the 
earth ;  or,  more  exactly,  if  the  mass  of  the  earth  consist  of  a 
million  of  equal  parts,  the  mass  of  the  moon  will  be  equal  to 

1 2f  500  of  these  partd. 

Since  the  volume  or  bulk  of  the  moon  is  about  the  50th  part 
of  that  of  the  earth,  while  its  mass  or  weight  is  little  more  than 
the  80th  part  of  that  of  the  earth,  it  follows  that  its  mean  densi^ 
must  be  little  more  thin  half  the  density  of  the  earth. 

205.  Wo  air  upon  tHe  moon.  —  In  order  to  determine  whether 
or  not  the  globe  of  the  moon  is  surrounded  with  any  gaseous 
envelope  like  the  atmosphere  of  the  earth,  it  is  necessary  first  to 
consider  what  appearances  such  an  appendage  would  present,  seen 
at  the  moon's  distance,  and  whether  any  such  appearances  are 
discoverable. 

According  to  ordinary  and  popular  notions,  it  is  difficult  to  sepa- 
rate the  idea  of  an  atmosphere  from  the  existence  of  clouds ;  yet 
to  produce  clouds  something  more  is  necessary  than  air.  The 
presence  of  water  is  indispensable,  and  if  it  be  assumed  that  no 
water  exist,  then  certainly  the  absence  of  clouds  is  no  proof  of  the 
absence  of  an  atmosphere.  Be  this  as  it  may,  however,  it  is  cer- 
tain that  there  are  no  clouds  upon  the  moon,  for  if  there  were,  we 
should  immediately  discover  them,  by  the  variable  lights  and 
shadows  they  would  produce.  If  there  be,  then,  an  atmosphere 
upon  the  moon,  it  is  one  entirely  unaccompanied  by  clouds. 

One  of  the  effects  produced  by  a  distant  view  of  an  atmosphere 
surrounding  a  globe,  one  hemisphere  of  which  is  illuminated  by 
the  sun,  is,  that  the  boimdary,  or  line  of  separation  between  the 
hemisphere  enlightened  by  the  sun  and  the  dark  hemisphere,  is  not 
sudden  and  sharply  defined,  but  is  gradual — the  light  fading  away 
by  slow  degrees  into  the  darkness. 

It  is  to  this  effect  upon  the  globe  of  the  earth  that  twilight 
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is  owing,  and  such  a  gradual  fading  away  of  the  sun's  light  is 
discoTerable  on  some  of  the  planets,  upon  which  an  atmosphere  is 
ofaserred. 

Now,  if  such  an  effect  of  an  atmosphere  were  produced  upon 
the  moon,  it  would  be  perceived  bj  the  naked  eye,  and  still  more 
distinctly  with  the  telescope.  When  the  moon  appears  as  a  cres- 
cent, its  concaTe  edge  is  the  boundary  which  separates  the  en- 
lightened from  the  dark  hemisphere.  When  it  is  in  the  quarters, 
the  diameter  of  the  semicircle  is  also  that  boundaiy.  In  neither  of 
these  cases,  however,  do  we  ever  discover  the  slightest  indication  of 
any  such  appearance  as  that  which  has  just  been  described.  There 
is  no  gradual  fading  away  of  the  light  into  the  darkness ;  on  the 
ofDtnuy,  the  boundary,  iJiough  serrated  and  irregular,  is  neverthe- 
less perfectly  well-defined  and  sudden. 

AU  these  circumstances-conspire  to  prove  that  there  does  not 
exist  upon  the  moon  an  atmosphere  capable  of  reflecting  light  in 
any  sensible  degree. 

The  magnitude  and  motion  of  the  moon  and  the  relative 
positions  of  the  stars  are  so  -  accurately  known,  that  nothing  is 
more  easy,  certain,  and  precise,  than  the  observations  which  may 
be  made  with  the  view  of  ascertaining  whether  any  stars  are  ever 
seen  which  are  sensibly  behind  the  edge  of  the  moon.  Such 
observations  have  been  made,  and  no  such  effect  has  ever  been 
detected.  This  species  of  observation  is  susceptible  of  such  ex- 
treme accuracy,  that  it  is  certain  that  if  an  atmosphere  existed 
upon  the  moon  a  thousand  times  less  dense  than  our  own,  its  pre- 
sence must  be  detected. 

Beeeel  has  calculated  that  if  the  difference  between  the  apparent 
diameter  of  the  moon,  and  the  arc  of  the  firmament  moved  over 
bj  the  moop's  centre  during  the  occultation  of  a  star,  centrically 
occulted,  were  admitted  to  amoimt  to  so  much  as  2'',  and  allowing 
for  the  possible  effect  of  mountains,  by  which  the  edge  of  the  disk 
is  serrated,  taking  these  at  the  extreme  height  of  z^jOOO  feet,  the 
density  of  the  lunar  atmosphere,  whose  refraction  would  produce 
sach  an  efiect,  would  not  exceed  the  968  th  part  of  the  density  of 
the  earth's  atmosphere,  supposing  the  two  fluids  to  be  similarly 
constituted.  Nor  would  liis  conclusion  be  materially  modified  by 
any  supposition  of  an  atmosphere  composed  of  gases  different  from 
the  constituents  of  the  earth's  atmosphere. 

The  earth's  atmosphere  supports  a  column  of  30  inches  of 
mercury;  an  atmosphere  1000  times  less  dense  would  support 
a  column  of  three-tenths  of  an  inch  only.  We  may  therefore 
consider  it  as  an  established  fact,  that  no  atmosphere  exists  on 
the  moon  having  a  density  even  as  great  as  that  which  remains 
tmder  the  receiver  of  the  most  perfect  air-pump,  after  that  in- 
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strument  has  withdrawn  from  it  the  air  to  the  atmost  extent  of  its 
power. 

If  further  proofs  of  the  nonexistence  of  a  lunar  atmosphere 
were  required,  Sir  J.  Herschel  indicates  several  which  are  found 
in  the  phenomena  of  eclipses.  In  a  solar  eclipse  the  existence  of 
an  atmosphere  having  any  sensible  refraction,  would  enable  us 
to  trace  the  limb  of  the  moon  beyond  the  cusps  externally  to  the 
8un*s  disk,  by  a  narrow  but  briUiant  line  of  light  extending  to 
some  distance  along  its  edge.  No  such  phenomenon  has,  however, 
been  seen. 

If  there  were  any  appreciable  quantity  of  vapour  suspended 
over  the  moon's  surface,  very  faint  stars  ought  to  disappear  behind 
it  before  the  moment  of  their  occultation  by  the  interposition  of 
the  moon's  edge.  Such,  however,  is  not  the  case,  Whea  occulted 
at  the  enlightened  edge  of  the  lunar  disk,  the  light  of  the  moon 
overpowers  them  and  renders  them  invisible,  and  even  at  the  dark 
edge  the  glare  in  the  sky,  caused  by  the  proximity  of  the  enlight^ied 
part  of  the  disk,  renders  the  occtdtation  of  extremely  minute  stars 
incapable  of  observation. 

206.  MooBllirlkt  not  aenatblj  oaloiiflo.  —  It  has  long  been  an 
object  of  inquiry  whether  the  light  of  the  moon  has  any  heat,  but 
the  most  delicate  experiments  and  observations  have  failed  to 
detect  this  property  in  it.  The  light  of  the  moon  was  collected 
into  the  focus  of  a  concave  mirror  of  such  magnitude  bb  would 
have  been  sufficient,  if  exposed  to  the  sun's  light,  to  evaporate  gold 
or  platinum.  The  bulb  of  a  differential  thermometer,  sensitive 
enough  to  show  a  change  of  temperature  amounting  to  the  5O0tli 
part  of  a  degree,  was  placed  in  its  focus  so  as  to  receive  upon  it 
the  concentrated  rays.  Yet  no  sensible  effect  was  produced.  We 
must,  therefore,  conclude  that  the  light  of  the  moon  does  not 
possess  the  calorific  property  in  any  sensible  degree.  But  if  the 
rays  of  the  moon  be  not  warm,  the  vulgar  impression  that  they 
are  cold  is  equally  erroneous.  We  have  seen  that  they  produce  no 
effect  either  way  on  the  thermometer. 

297.  no  Uqnida  on  tlie  moon. — The  same  physical  tests 
which  show  the  nonexistence  of  an  atmosphere  of  air  upon  the 
moon  are  equally  conclusive  against  an  atmosphere  of  vapour.  It 
might,  therefore,  be  inferred  that  no  liquids  can  exist  on  the  moon's 
surface,  since  they  would  be  subject  to  evaporation.  Sir  John 
Herschel,  however,  ingeniously  suggests  that  the  nonexistence  of 
vapour  is  not  condusive  against  evaporation.  One  hemisphere  of 
the  moon  being  exposed  continuously  for  328  hours  to  the  glare  of 
sunshine  of  an  intensity  greater  than  a  tropical  noon,  because  of  the 
absence  of  an  atmosphere  and  clouds  to  mitigate  it,  while  the  other 
is  for  an  equal  interval  exposed  to  a  cold  far  more  rigorous  than 
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&at  which  pieyails  on  the  summits  of  the  loftiest  mountains  or  in 
the  poUir  region,  the  consequence  would  he  the  immediate  evapora- 
tkn  of  all  liquids  which  might  happen  to  exist  on  the  one  hemi- 
sphere, and  ihe  instantaneous  condensation  and  congelation  of  the 
Tapour  on  the  ol^er.  The  vapour  would,  in  short,  he  no  sooner 
fonned  on  the  enlightened  hemisphere,  than  it  would  rush  to  the 
TBcuum  oyer  the  dark  hemisphere,  where  it  would  he  instantly 
condensed  and  congealed,  an  effect  which  Herscliel  aptly  illustrates 
hj  the  familiar  experiment  of  the  gbtophobovs.  The  consequence, 
19  he  ohserres,  of  Uiis  state  of  things  would  he  ahsolute  aridity 
bdow  the  yertical  sun,  constant  accretion  of  hoar  firost  in  the 
opposite  region,  and  perhaps  a  narrow  zone'  of  running  water  at  the 
Ixoders  of  the  enlightened  hemisphere.  He  conjectures  that  this 
z^d  alternation  of  eraporation  and  condensation  may  to  some  extent 
preserve  an  equilihrium  of  temperature,  and  mitigate  the  severity 
of  hoth  the  diurnal  and  nocturnal  conditions  of  the  surface.  He 
admits  nevertheless  that  such  a  supposition  could  only  be  compa- 
tible with  the  tests  of  the  absence  of  a  transparent  atmosphere  even 
of  vapour  within  extremely  narrow  limits ;  and  it  remains  to  be 
seen  whether  the  general  physical  condition  of  the  lunar  surface  as 
disdoeed  by  the  tdescope  be  not  more  compatible  with  the  suppo- 
(ttion  of  the  total  absence  of  all  liquid  whatever. 

It  appears  to  have  escaped  the  attention  of  those  who  assume  the 
possibility  of  the  existence  of  water  in  the  liquid  state  on  the  moon, 
that  in  the  absence  of  an  atmosphere,  the  temperature  must  neces- 
sarily be,  not  only  far  below  the  point  of  congelation  of  water,  but 
even  that  of  most  other  known  liquids.  Even  within  the  tropics, 
and  under  the  line  with  a  vertical  sun,  the  height  of  the  snow  line 
does  not  exceed  16,000  feet;  and  nevertheless  at  that  elevation, 
and  still  higher,  there  prevails  an  atmosphere  capable  of  supporting 
a  considerable  column  of  mercury.  At  somewhat  greater  elevations, 
bat  stiU  in  an  atmosphere  of  very  sensible  density,  mercuiy  is  con- 
gealed. Analogy,  therefore,  justifies  the  inference  that  ^e  total, 
or  nearly  total,  absence  of  air  upon  the  moon  is  altogether  incompa- 
tible with  the  existence  of  water,  or  probably  any  other  body  in  the 
liquid  state,  and  necessarily  infers  a  temperature  altogether  incx)m- 
patible  with  the  existence  of  organised  beings  in  any  respect  ana- 
logous to  those  which  inhabit  the  earth. 

But  another  conclusive  evidence  of  the  nonexistence  of  liquids  on 
the  moon  is  found  in  the  form  of  its  surface,  which  exhibits  none  of 
those  well  understood  appearances  which  result  firom  the  long  con- 
tmued  action  of  water.  The  mountaiu  formations  with  which  the 
entire  visible  surface  is  covered  are,  as  will  presently  appear,  uni- 
versally so  abrupt,  precipitous,  and  unchangeable,  as  to  be  utterly 
incompatible  with  tJie  presence  of  liquids. 
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208.  Absenoe  of  air  deprlTes  solar  Uglit  and  lioat  of  tbelr 
utility. — The  absence  of  air  also  prerents  the  difixision  of  the 
solar  light.  The  general  diflFdsion  of  the  sun's  light  upon  the  eardi 
is  mainly  due  to  the  reflection  and  refraction  of  the  atmosphere, 
and  to  the  light  reflected  hj  the  clouds ;  and  that  without  such 
means  of  diflusion^  the  solar  light  woidd  only  illuminate  those  places 
into  which  its  rays  would  directly  penetrate.  Eveiy  place  not  in 
full  sunshine,  or  exposed  to  some  illuminated  sur&ce,  would  be 
involved  in  the  most  pitchy  darkness.  The  sky  at  noon-day  would 
be  intensely  black,  for  the  beautiful  azure  of  our  firmament  in  the 
day-time  is  due  to  the  reflected  colour  of  the  air. 

Thus  it  appears  that  the  absence  of  ait  must  deprive  the  sun^ 
illuminating  and  heating  agency  of  nearly  all  its  utility.  If  no 
difiusion  of  light  and  no  retention  and  acciunulation  of  heat,  such 
as  an  atmoi<^here  supplies,  prevail,  it  is  impossible  to  conceive  the 
existence  and  maintenance  of  an  organised  world  having  any  analogy 
to  the  earth. 

209.  Aft  seen  flrom  tlio  iiiooii«  appearaaoo  of  tlio  emrOi 
and  tHe  llrmameiit. — If  the  moon  were  inhabited,  observers  placed 
upon  it  would  witness  celestial  phenomena  of  a  singular  descriptaon, 
diflering  in  many  respects  from  those  presented  to  the  inhabitants 
of  our  globe.  The  heavens  would  be  perpetually  serene  and 
cloudless.  The  stars  and  planets  would  shine  with  extraordinaxy 
splendour  during  the  long  night  of  328  hours.  The  inclination  of 
her  axis  being  only  5®,  there  would  be  no  sensible  changes  of 
season.  The  year  would  consist  of  one  unbroken  monotony  of 
equinox.  The  inhabitants  of  one  hemisphere  would  never  see  the 
efulih :  while  the  inhabitants  of  the  other  would  have  it  constantily 
in  their  fiimament  by  day  and  by  night,  and  always  in  the  same 
position.  To  those  who  inhabit  the  central  part  of  the  hemif^here 
presented  to  us,  the  earth  would  appear  stationary  in  the  zenith, 
and  would  never  leave  it,  never  rising  nor  setting,  nor  in  any  degree 
changing  its  position  in  relation  to  the  zenith,  or  horizon.  To  those 
who  inhabit  places  intermediate  between  the  central  part  of  that 
hemisphere  and  those  places  which  are  at  the  edge  of  the  moon's 
disk,  the  earth  would  appear  at  a  fixed  and  invariable  distance  firom 
the  zenith,  and  also  at  a  fixed  and  invariable  azimuth,  the  distance 
from  the  zenith  being  everywhere  equal  to  the  distance  of  the 
observer  from  the  middle  point  of  the  hemisphere  presented  to  the 
earth.  To  an  observer  at  any  of  the  places  which  are  at  the  edge 
of  the  lunar  disk,  the  earth  would  appear  perpetually  in  a  fixed 
direction  on  the  horizon. 

The  earth  shone  upon  by  the  sun  would  appear  as  the  moon  does 
to  us  J  but  with  a  disk  having  an  apparent  diameter  greater  than 
that  of  the  moon  in  the  ratio  of  79  to  2 1,  and  an  apparent  superficial 
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magnitade  about  fourteen  times  greater,  and  it  would  consequentlj 
liave  a  proportionately  illuminating  power. 

Earth  Ughi  at  the  moon  would;  therefore,  be  about  fourteen  times 
more  intense  than  moonlight  at  the  earth.  The  earth  would  go 
tiirough  the  same  phases  and  complete  the  series  of  them  in  ti^e 
time  period  as  that  which  regulates  the  succession  of  the  lunar 
phases,  but  the  corresponding  phaJlses  would  be  separated  bj  the 
interral  of  half  a  month.  When  the  moon  is  /uU  to  the  earth,  the 
earth  is  new  to  the  moon,  and  vice  versd:  when  the  moon  is  a 
crescent,  the  earth  is  eibbous,  and  vice  versd. 

The  features  of  light  and  shade  would  not,  as  on  the  moon,  be  all 
permanent  and  invariable.  So  far  as  they  would  arise  from  the 
clouds  floating  in  the  terrestrial  atmosphere,  they  would  be  yariable. 
Kerertheless,  theii  arrangement  would  have  a  certain  relation  to 
the  equator,  owing  to  the  eflect  of  the  prevailing  atmospheric 
currents  parallel  to  the  line.  *  This  cause  would  produce  streaks  of 
light  and  shade,  the  general  direction  of  which  would  be  at  right 
angles  to  the  earth's  axis,  and  the  appearance  of  which  would  be  in 
all  respects  similar  to  the  belts  which,  as  will  appear  hereafter,  are 
observed  upon  some  of  l^e  planets^  and  which  are  ascribed  to  a  like 
physical  cause. 

Through  the  openings  of  the  clouds  the  permanent  geographical 
features  of  the  sinrface  of  the  earth  would  be  apparent,  and  would 
probably  exhibit  a  variety  of  tints  according  to  the  prevailing 
characters  of  the  soil,  as  is  observed  to  be  the  case  with  the  planet 
Mars  even  at  an  immensely  greater  distance.  The  rotation  of  the 
earth  upon  its  axis  would  be  distinctly  observed  and  its  time  ascer- 
tained. The  continents  and  seas  would  be  seen  to  disappear  in  suc- 
cession at  one  side  and  to  reappear  at  the  other,  and  to  pass  across 
the  disk  of  the  earth  as  carried  round  by  the  diurnal  rotation. 

21  a  ^arhy  tHe  Aall  disk  of  tHe  moon  is  teintlj  ▼falble 
•ear  now  moon. — Soon  after  conjunction,  when  the  moon  appears 
as  a  thin  crescent,  but  is  so  removed  from  the  sun  as  to  be  seen  at  a 
aofficient  altitude  after  sunset,  the  entire  lunar  disk  appears  faintiy 
illnminated  within  the  horns  of  the  crescent.  .  This  phenomenon  is 
explained  by  the  eflect  of  the  earth  shining  upon  tiie  moon,  and 
illuminating  it  by  reflected  light  as  the  moon  illuminates  the  earth, 
but  with  a  degree  of  intensity  greater  in  the  ratio  of  about  1 4  to  1 . 
According  to  what  has  just  been  explained,  the  earth  appears  to  the 
moon  nearly  full  at  the  time  when  the  moon  appears  to  the  earth  as 
a  thin  crescent,  and  it  therefore  receives  then  the  strongest  possible 
illumination.  As  the  lunar  crescent  increases  in  breadth,  the  phase 
of  the  earth  as  seen  from  the  moon  becomes  less  and  less  full,  and 
die  intensity  of  the  illumination  is  proportionately  diminished. 

*  8m  Chapter  on  the  tides  and  trade  winda. 
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Hence  we  find^  that  as  the  lunar  crescent  passes  gradually  to  the 
quarter,  the  complement  of  the  lunar  disk  becomes  gradually  more 
faintlj  Tisible;  and  soon  disappears  altogether. 

211.  Pbjatoal  condltton  of  tHe  moon's  snrlkoo* — If  we 
examine  the  moon  carefully,  even  without  the  aid  of  a  telescope, 
we  shall  discover  upon  it  distinct  and  definite  lineaments  of  light 
and  shadow.  These  features  never  change  $  there  they  remain, 
always  in  the  same  position  upon  the  visible  orb  of  the  moon. 
Thus  the  features  that  occupy  its  centre  now,  have  occupied  the 
same  position  throughout  all  human  record.  We  have  alreaSv 
stated  that  the  first  and  most  obvious  inference  which  this  fact 
suggests,  is  that  the  same  hemisphere  of  the  moon  is  always 
presented  towards  the  earth,  and  consequently,  the  other  hemisphere 
is  never  seen.  This  singular  characteristic  which  attaches  to  the 
motion  of  the  moon  round  the  earth,  seems  to  be  a  general 
characteristio  of  all  other  moons  in  the  systeuL  Sir  William 
Herschel,  by  the  aid  of  his  powerful  telescopes,  observed  indicaticms 
which  render  it  probable  that  the  moons  of  Jupiter  revolve  in  the 
same  manner,  each  presenting  continually  the  same  hemisphere  to 
the  planet  The  cause  of  this  peculiar  motion  h'hs  been  attempted 
to  be  explained  by  the  hypothesb  that  the  hemisphere  of  the 
satellite  which  is  turned  toward  the  planet,  is  very  elongated  and 
protuberant,  and  it  is  the  excess  of  its  weight  which  makes  it  tend 
to  direct  itself  always  toward  the  primaiy,  in  obedience  to  the 
universal  principle  of  attraction.  Be  this  as  it  may,  the  efiect  is, 
that  our  selenographical  knowledge  is  necessarily  limited  to  that 
hemisphere  which  is  turned  toward  us. 

But  what  is  the  condition  and  character  of  the  surface  of  the 
moon  P  What  are  the  lineaments  of  light  and  shade  which  we  see 
upon  itP  There  is  no  object  outside  the  earth  with  which  the 
telescope  has  afforded  us  such  minute  and  satisfactory  information. 

If,  when  the  moon  is  a  crescent,  we  examine  with  a  telescope, 
even  of  moderate  power,  the  concave  boundary,  which  is  that  part 
of  the  siuface  where  the  enlightened  hemisphere  ends  and  the  dark 
hemisphere  begins,  we  shall  find  that  this  boundary,  b  not  an  even 
and  regular  curve,  which  it  undoubtedly  would  be  if  the  suifaoe 
were  smooth  and  regidar,  or  nearly  so.  If,  for  example,  the  lunar 
surface  resembled  in  its  general  characteristics  that  of  our  globe, 
supposing  that  the  entire  surface  is  land,  having  the  general  cha- 
racteristics of  the  continents  of  the  earth,  the  inner  boundaiy  of 
the  lunar  crescent  would  still  be  a  regular  curve  broken  or  inter- 
rupted only  at  particular  points.  Where  great  mountain  ranges, 
like  those  of  the  Alps,  the  Andes,  or  the  Himalaya,  might  chance 
to  cross  it,  these  lo%  peaks  would  project  vastly  elongated  shadows 
along  the  adjacent  plains^  for  it  will  be  remembered  that^  being 
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ritaated,  at  the  moment  in  question,  at  the  boundaiy  of  the 
enlightened  and  darkened  hemispheres,  the  shadows  would  he 
those  of  eyening  or  morning;  which  are  prodigiously  longer  than 
the  ohjects  themselyes.  The  effect  of  these  would  he  to  cause  gaps 
or  irregularities  in  the  general  outline  of  the  inner  boundary  of 
the  crescent.  With  these  rare  exceptions,  the  inner  bounda^  of 
the  crescent  produced  by  a  globe  like  the  earth  would  be  an  even 
and  regular  curve. 

Such,  however,  is  not  the  case  with  the  inner  boundaiy  of  the 
lunar  crescent,  even  when  viewed  by  the  naked  eye,  and  still  less 
so  when  magnified  by  a  telescope. 

It  is  found,  on  the  contrary,  rugged  and  serrated,  and  brilliantly 
iUununated  points  are  seen  in  the  dark  parts  at  some  distance  from 
it,  while  dark  shadows  of  considerable  length  appear  to  break  into 
the  illununated  surface.  The  inequalities  thus  apparent  indicate 
shigular  characteristics  of  the  surface.  The  bright  points  seen 
within  the  dark  hemisphere  are  the  peaks  of  lofty  mountains  tinged 
with  the  sun's  light  They  are  in  the  condition  with  which  all 
travellers  in  Alpine  countries  are  familiar;  after  the  sim  has  set, 
and  darkness  has  set  in  over  the  valleys  at  the  foot  of  the  chain,  the 
sun  still  continues  to  illuminate  the  peaks  above. 

The  sketch  of  the  lunar  crescent  given  in^.  51,  being  a  re- 
presentation of  the  moon  when  visible  in  the  east,  shortly  before 
sunrise,  and  about  two  days  previously  to  conjunction  with  the  sun, 
will  illustrate  these  observations. 

The  visible  hemisphere  of  our  ^ 
satellite  has,  within  the  last 
quarter  of  a  century,  been  sub- 
jected to  the  most  rigorous  exa- 
mination which  unwearied  in- 
dustiy,  aided  by  the  vast  im- 
provement which  has  been  effected 
in  the  instruments  of  telescopic 
observation,  rendered  possible ; 
and  it  is  no  exaggeration  now  to 
state  that  we  possess  a  chart  of 
that  hemisphere  which  in  accu- 
racy of  detail  far  exceeds  any 
similar  representation  of  the 
earth's  surface. 

Among    the    selenographical 
observers,  the  Prussiim  astrono- 
mers,   'MM.   Beer  and  Madler, 
stand  pre-eminent    Their  descriptive  work,  entitled  Der  Mond, 
contains  the  most  complete  collection  of   observations  on  the 
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physical  condition  of  our  satellite,  and  the  chart;  measuring  37 
inches  in  diameter,  exhihits  the  most  complete  representation  ol 
the  lunar  surface  extant  Besides  this  great  work,  a  selenographic 
chart  was  produced  bj  Mr.  Kussell,  from  observations  made  with  * 
a  seven-foot  reflector,  a  similar  delineation  by  Lohrmann,  and, 
lastly,  a  very  complete  model  in  relief  of  the  visible  hemisphere  by 
Madame  Witte,  an  Hanoverian  lady. 

To  convey  to  the  student  any  precise  or  cx)mplete  i^ea  of  the  mass 
of  information  collected  by  the  researches  and  labours  of  these 
eminent  observers,  would  be  altogether  incompatifcle  with  the 
necessary  limits  of  a  work  like  that  whicli  we  have  undertaken. 

We  ^all  therefore  confine  ourselves  to  a  selection  from  some  of 
the  most  remarkable  results  of  those  works,  aided  by  the  telescopic 
chart  of  the  south-eastern  quadrant  of  the  moon's  disk,  given  in 
Plate  I.,  which  has  been  reduced  from  the  great  chart  of  Beer  and 
Miidler,  the  scale  being  exactly  one  half  of  that  of  the  origmaL 

212.  GekeililL  Descbtptiok  of  ths  Mock's  Subface. 

(a)  Dueription  of  the  charts  Plate  I.  —  The  entire  lurface  of  the  visible 
hemisphere  of  the  moon  is  thickly  covered  with  mountainous  masses  and 
ranges  of  varioos  forms,  magnitudes,  and  heights,  in  which,  however,  the 
prevalence  of  a  circular  or  crater-like  form  if  conspicuous.  The  mere  in- 
spection of  the  chart  of  the  S.E.  quadrant,  Plate  I.,  will  render  this  evident; 
and  the  other  three  quadrants  of  the  disk  do  not  differ  from  this  in  their 
general  character.* 

(6)  Cauus  of  the  Hnt$  of  white  and  grey  on  the  moon's  diek.  —  The  various 

tints  of  white  and  grey  which  mark  the  lineaments  observed  upon  the  disk 

of  the  full  moon  arise  partly  from  the  different  reflecting  powers  of  the 

matter  composing  difierent  parts  of  the  lunar  surface,  and  partly  from  the 

% 

*  It  must  be  observed  that  the  chart  represents  the  moon's  disk  as  it  is 
seen  on  the  south  meridian  in  an  astronomical  telescope.  As  that  instru- 
ment produces  an  inverted  image,  the  south  pole  appears  at  the  highest  and 
the  north  pole  at  the  lowest  point  of  the  disk,  and  the  eastern  limit  is  on 
the  right  and  the  western  on  the  left  of  the  observer,  all  of  which  podtioos 
are  the  reverse  of  those  which  the  same  points  have  when  viewed  without  a 
telescope,  or  with  one  which  does  not  invert.  The  longitudes  are  measured^ 
east  and  west  of  the  meridian  which  bisects  the  visible  disk.  The  original 
chart  is  engraved  in  four  separate  sheets,  each  representing  a  quadrant  of 
the  visible  hemisphere.  The  names  of  the  various  selenographical  regions 
and  more  prominent  mountains  are  indicated  on  the  chart,  and  have  been 
taken  generally  from  those  of  eminent  scientific  men.  The  meridians  drawn 
on  the  chart  divide  the  surface  into  zones,  each  of  which  measures  five  de- 
grees of  longitude,  and  the  paiallels  to  the  equator  divide  it  into  zones, 
having  each  the  width  of  five  degrees  of  latitude.  The  moon's  diameter 
being  less  than  that  of  the  earth  in  the  ratio  of  about  21  to  79,  a  degree  of 
lunar  latitude  is  less  than  60  geographical  mil^  in  the  same  proportion,  and 
is,  therefore,  equal  to  x6  geographical  miles.  This  supplies  a  scale  by  whidl 
the  magnitudes  bn  the  chart,  Plate  I.,  may  be  approximately  estimated. 
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iif^mt  e^^iet  st  wbich  the  ni3n  of  the  ttUtr  li](Kt  are  incident  upon  them. 
h  .{«  lu-face  of  the  loner  heinupbere  were  uniformly  lerel,  or  np^/«  90, 
t  ««Kglc«  o»  indd^ce  would  be  determined  by  the  position  of  er  int 

fr  th  r«luuon  to  the  centre  of  the  illumineted  hemisphere  $  end,  in  r.i  ^  •««, 
C  tbts  would  be  more  r<*guier«nd  woaid  rary  in  relation  principality  to 
(i>.  centre  of  the  4isk ;  but,  owing  to  the  great  inequalitieii  of  level,  and 
iH-;  t«H  and  complicated  moontainons  masses  whtch  prefect  from  every-  t 
<^  tfat  serfiwe,  and  the  great  depths  of  the  cavities  and  plains  whicl  ere 
i^WMied  by  the  circular  mountain  ning^  the  angles  of  incic'ence  of  t,ae 
Mifir  rsyi  are  ku>tjwt  to  extreme  and  irregular  variation,  wh  *  pro '  a 
t^  i*neament9  nmi  forms  tinted  with  various  dudes  of  gre:  id  w  u 
with  which  every  eye  i»  familiar. 

(e)  SAoojMt  vmbie  oufy  in  ikepihaaet-r'lhty  auppt}f  meantrtw  ^t  and 

*lPf*f.—  Wliuti  the  moon  is  Aill,  no  shadows  upon  it  can  be  Jv^cause, 

»  ''.at  position,  the  visual  ray  coinciding  with  the  Inmlnons  n  object 

i-'  'aectiy  interposed  between  the  observer  and  its  shadow.    J^  phages 

pf'  iTMS,  hciwever,  the  shadows  gradually  oome  into  view,  becai         o  .isual 

'^  M  inciioed  at  a  gvadually  increasing  angle  to  the  solar  ray,      d,  in  the 

•!tfrt,  this  angle  having  increased  to  9aP,  and  the  boundary  e  en- 

".'   ned  hemisphere  behig-  then  in  the  centre  of  the  hemispher         .ented 

**^  'k«  observer,  the  position  is  most  favourable  for  the  observa  f  the 

<jdov^  oy  whiah  chiefly,  not  only  the  forms  and  dispositions  of .  onn- 

^ai  piasses  and  .the  intervening  and  endoeed  valleys  and  are 

Gained,  but  their  heights  and  depths  are  measured.    This  la    ..       olem 

stVM  by  the  well -understood  pi^ndples  of  geometrical  proj  -ction  when 

'(•f  direct  .on^  of  the  visual  and -solar  rays,  the  position  of  t'  i  obje*,  and 

»      surtaoc  on  wl. « h  the  shadows  are  pi>ojected,  are  severally  fiven. 

..,  Vmfarm.  palekts,  called  ocmnt,  aeoi^^^ proved  to  ir  irret,  'a     land' 

:  -/.J,  —  L'niform  paU'hes  of  greater  or  less  extent,  earh  having  ai.   luiform 

r*'  tijitniort  AT  lees  dark,  having  been  supposed,  by  early  observeis,  to  be 

*  e  t)lle*  tififTS  of  water,  were  designated  by  the  name?,  Oceanus,  MAitE, 

w,  L.\f  u^  SiKua,  Itc    Thew  names  are  still  retained,  bit  the  increased 

"  -^v  ef  the  telescope  has  proved  that  such  regions  are  di versified,  likia  the 

f^^of  the  lunar  surface,  by  inequalities  and  undulations  of  permanent  forms, 

•  'i  tr?  tberefure  not,  as  was  imagined,  water  or  other  liquid.  They  differ  from 

>«  r^jpons  only  in  the  magnitude  of  the  mountain  masses  which  prevail 

-  'atbem.    About  two- thirds  oif  the  visible  hemisphere  of  the  moon  con- 

>  of  U>i4  character  of  surface.    Examples  of  these  are  presented  by  the 

^  Nabium.  Oceanus  Procellarom,  Mare  Humorum,  &c,  on  the  chart 

'^  ^i^kiitr  tpots^  Nsotrntotu.—  The  more  intensely  white  parts  are  moun« 

■  '.f  various  ni;igTiitude  and  form,  whose  height,  relatively  to  the  moon's 

..".:iu»i^  n^reAtly  exceeds  that  of  the  most  stupendous  terrestial  emi- 

H ;  and  there  are  many,  characterised  by  an  abruptness  and  steepness 

y"  ti  sornetimea  assume  the  position  of  a  vast  vertical  wall,  aho<Tether 

''  .'Hit  example  upon  the  earth.     These  are  generally  disposed  in  broad 

'  '31  lying  in  does  contiguity,  and  intersected  with  vsst  and  deep  vnlleys, 

■    '•  and  abysses,  none  of  which,  however,  have  any  of  the  characters 

*     Mray  the  agency  of  water. 

•  Cfaaei  of  ciradar  miomUam  ramgn. —  Circular  ranges  of  mountains 
I     .  irerr  It  not  for.  their  vast  magnitude,  might  be  inferred  from  their 
0  have  bees  Tolc«iiic  craters,  are  by  fitf  the  most  prevalent  arrange- 
L 
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meot.    These  hare  beea  deoominated,  aooording  to  Uieir  mignitiidee,  Bn^ 
WARK  pLAiiifli  Rno  MouHTADia,  Cratsm,  and  Holbs. 

(jf)  Bulwark  ptomi.— These  are  drooler  ereaa^  Terjing  from  40  to  im 
miles  j^  diameter,  eodosed  hy  a  ring  of  monntain  ridges,  mostly  coatinaovUf 
but  in  some  cases  intersected  at  one  or  more  points  bj  Test  rarines.  The 
endoeed  area  is  geoerallj  a  plain  on  which  moontains  of  less  height  srft 
often  scattered.  The  snrroonding  drcnlar  ridge  also  throws  oat  span,  both 
externally  and  internally,  bnt  the  latter  are  generally  shorter  than  the  for- 
mer. In  some  casein  howeyer,  internal  spars,  which  are  diametrically  op- 
posed, nnite  in  the  middle  so  as  to  cat  in  two  the  enclosed  plain.  In  some 
rare  cases  the  encloeed  plain  b  nnintarropted  by  moantains,  and  it  is  almost 
invariably  depressed  below  the  general  level  of  the  sorroonding  land.  A  few 
instances  are  presented  of  the  enclosed  plain  being  conyex. 

The  moirouinoos  circle  encloeing  theee  vast  areas  is  seldom  a  single 
ridge.  It  consists  more  generally  of  several  concentric  ridges,  one  of  which, 
however,  always  dominates  over  the  rest  and  exhibits  an  nneqnal  snmmit, 
broken  by  stopendoos  peaks,  which  here  and  there  shoot  op  flrom  it  to  vsn 
heights.  Occasionally  it  is  also  interrnpted  by  smaller  moontains  of  the 
circular  form. 

Examples  of  bulwark  plains  are  presented  in  the  cases  of  Clavins,  Walter, 
Regiomontanus,  Purbaeh,  Alphons,  and  PtolemKua. 

The  diameter  of  Clavius  is  124  miles  %  and  the  enclosed  area  is  12,000 
ftqoare  miles.  One  of  the  peaks  of  the  surrounding  ridge  shoots  np  to  the 
height  of  16,000  feet 

The  diameter  of  Ptolemius  is  100  miles,  and  it  encloses  an  area  ef  6400 
square  nkle^q  This  area  is  intersected  by  onmerous  small  ridges,  not  abovo 
a  mile  in  breadtli  and  100  feet  in  height  Ptolemios  is  surrounded  by 
very  high  mountains,  and  is  remarkable  for  the  precipitous  character  of  iu 
inner  sioes.  • 

•.   The  other  bulwark  plains  above  named  have  nearly  the  same  character, 
but  less  dimensions. 

(A)  Bmg  mtmntotss.— These  drcnlar  formations  are  on  a  smaller  scsU 
than  the  bulwark  plains,  varying  fhwn  10  to  50  miles  in  diameter,  and  they 
are  generally  more  regular  and  more  exactly  drcnlar  in  their  form.  They 
are  sometimes  found  upon  the  ridge  which  endoses  a  bulwark  plain,  thui 
interrupting  the  continuity  of  its  boundary,  and  sometimes  they  are  sees 
within  the  enclosed  area.  Sometimes  they  Stand  in  the  midst  of  the  wMoria. 
Their  inner  declivity  is  always  steep,  and  the  enclosed  area,  which  is  always 
concave,  often  indudes  a  central  mountain,  presenting  thus  the  'general 
cbaractsr  of  a  volcanic  crater,  but  on  a  scale  of  magnitude  without  exampit 
in  terrestrial  volcanoes.  The  surfiioe  enclosed  is  always  lower  than  th^ 
region  surrounding  the  encloeing  ridge,  and  the  central  mountain  often  ristf 
to  such  a  height  that,  if  it  were  levelled,  it  would  fill  the  depression. 

(t)  TycAo,  a  ring  moumtain.  —  The  most  remarkable  example  of  this  claa^ 
is  Tycho  (see  chart,  latT  41^  long.  ii^J.  This  object  is  distingoishsb:^ 
without  a  telescope  on  the  lunar  disk  when  full ;  bnt,  owing  to  the  maltitav'* 
of  other  features  which  become  apparent  around  it  in  the  phases,  it  can  tbi  | 
be  only  distinguished  by  a  perfect  knowledge  of  its  position,  and  with  a  go*  ' 
telescope.     The  endoeed  area,  which  is  very  nesriy  circular,  is  47  miles    * 

*  The  geogrsphical  mile,  or  the  tixtietb  part  of  a  degree  of  the  earth'' 
meridian. 
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dkiMter,  and  Um  iniide  of  the  encloaiiig  ridge  hat  the  steepaeti  of  a  walL 
Ita  height  above  the  level  of  the  encloBed  plain  ia  i6,cx>o  feet,  and  above 
that  of  the  external  regions  12,000  feet  There  is  a  central  raonnt*  height 
4700  feett  besides  a  few  lesser  hills  within  the  endosora. 

(k)  Craien  oMdhohi. —  These  are  the  smallest  formations  of  the  cireoUr 
olsss.  Craters  eodose  a  visible  area*  containing  generally  a  central  monnd 
or  peak,  exhibiting  in  a  striking  manner  the  volcanic  character.  Holea 
include  no  visible  area,  but  may  possibly  be  craters  on  a  scale  too  amall  to 
be  distinguished  by  the  telescope. 

Formationa  of  this  dass  are  innomerable  on  every  part  of  the  viaible  snr- 
fiice  of  the  moon,  bat  are  no  where  more  prevalent  than  in  the  region  around 
Tycho,  which  may  be  seen  on  a  v^ry  enlarged  scale  in  Plate  XL9  which 
represents  that  ring  moontain  and  the  adjacent  region,  extending  over  six- 
teen d^pees  of  latitude,  and  from  sixteen  to  twenty  degrees  of  longitude. 

(/)  Other  tmmntoM  formatiomi, —  Besides  the  preceding,  which  are  the 
most  remarkable,  the  most  characteristic,  and  the  most  prevalent,  there  are 
▼arious  other  forms  of  mountain,  classified  by  Beer  and  Mttdler,  but  which 
oar  limita  compel  us  to  omit 

(m)  Smgular  and  uiuxplamtd  optieai  pkemmemm  of  radiating  ffreoAs.— 
Among  the  most  remarkable  phenomena  presented  to  lunar  observers,  is  the 
aystems  of  streaks  of  light  and  shade,  which  radiate  flrom  the  borders  of  some 
of  the  largest  of  the  ring  moantaina,  spreading  to  distances  of  several  hun- 
dred miles  around  them.  Seven  of  the  mountains  of  this  class,  vis.,  Tycho, 
Copernicus,  Kepler,  Produs,  Anaxagoras,  Aristarchus,  and  Olbers  are  seve- 
rally the  centres  round  which  this  extraordinary  radiation  ia  manifested. 
Similar  phenomena,  leas  conspicuously  developed,  however,  are  visible  aroond 
Mayer,  £uler,  Aristillus,  Timocharis,  and  some  others. 

These  phenomena,  aa  displayed  when  the  moon  is  ftill  around  T^Tchoi  are 
represented  in  Plate  XII.  on  the  same  scale  aa  Plate  XL 

These  radiating  streaks  commence  at  a  distance  of  about  ao  miles  outside 
the  circular  ridge  of  Tycho.  From  that  limit  they  diverge  and  overspread 
fully  a  fourth  part  of  the  visible  hemisphere.  On  the  S.  they  extend  to  the 
edge  of  the  disk ;  on  the  K  to  Hainsiel  and  Capuanus ;  on  the  S.E.  to  the 
Mare  Nnbium ;  on  the  N.  to  Alphons ;  on  the  N.  W.  to  the  Mare  Nectaria, 
and  to  the  W.,  so  as  to  cover  nearly  the  entire  sonth-w^tem  quadrant 

rhey  are  only  visible  when  iht  sun's  rays  fiUl  upon  the  region  of  Tjrdio 
at  an  inddence  greater  than  25^,  and  the  more  perpendicularly  the  rays  fall 
upon  it  the  more  fully  devdoped  the  phenomena  will  be.  They  are,  there- 
fore, only  seen  in  their  splendour,  as  represented  in  Plate  XII.,  when  the 
moon  is  full.  As  the  moon  moves  from  opposition  to  the  last  quarter,  the 
streaks  therefore  gradually  disappear,  anid  the  shadows  of  the  mountain 
formations  are  at  the  same  time  gradually  brought  into  view,  so  that  the 
aspect  of  the  moon  imdergoes  a  complete  transformation.  This  change  may 
be  very  well  exhibited  by  holding  the  Plate  XIL  before  a  window  to  whkh 
the  back  of  the  observer  is  turned.  He  will  then  see  the  phenomena  aa  they 
are  presented  on  the  full  moon.  Let  him  then  turn  slowly  upon  his  heel 
until  his  face  ia  preaented  to  the  window,  holding  the  paper  between  his  eyes 
and  tha  light  The  Plate  XL  will  then  be  seen  by  means  of  the  transparency 
ef  the  paper,  and  it  will  gradually  become  more  and  more  distinctly  apparent 
aa  be  tons  more  directly  towards  the  light* 

*  This  ingenious  expedient  is  suggested  by  Mttdler.     It  must  be  remem- 
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Althongh  the  moanttin  A>niMtloos  generally  disappetr  under  the  eptte« 
door  of  these  radiating  streaks,  some  few,  as  will  be  perceived  on  Plate  XII^ 
oontinae  to  be  visible  through  them. 

Kone  of  the  numerous  selenographic  obeervers  have  proposed  any  satis- 
fketory  explanation  of  these  phenomena,  which  are  exhibited'  nearly  in  the 
same  lAanner  around  the  other  ring  mountains  above  named.  Schr5ter 
soppesed  them  to  be  mountains,  an  hypothesis  overturned  by  the  ob-.>rfm- 
tiens  since  made  with  more  powerftil  instruments.  Hersdiel,  the  elder, 
suggested  the  idea  of  streams  of  lava;  Cassini  imagined  they  might  be 
donds;  and  otiiers  even  suggested  the  possibility  of  their  being  roads! 
Mlidler  imagines  that  these  ring  mountains  may  have  been  among  the  first - 
selenological  formations;  and,  consequently,  the  points  to  which  all  the 
gases  evolved  in  the  fbrmation  of  our  satellite  would  have  been  attracted.' 
These  emanations  produced  effects,  such  as  vitrification  or  oxydation,  which 
modified  the  reflective  powers  of  the  surface.  We  must,  however,  dismiss 
these  conjectures,  however  ingenious  and  attractive,  referring  those  who 
desire  to  pursue  the  subject  to  the  original  work. 

(a)  Envirmu  of  Tycho, —  This  region  is  crowded  with  hundreds  of  peaks, 
crests,  and  craters  (see  Plate  XL) ;  not  the  least  vestige  of  a  plain  can  any- 
where be  discovered.  Towards  the  £.  and  8.E.  craters  predominate,  while 
to  the  W.  chains  parallel  to  the  ring  are  more  numerous.  On  the  8.  the 
mountains  are  thickly  scattered  in  confhsed  masses.  A^  a  distance  of  15  to 
2f  miles»  craters  and  small  ring  mountains  are  seen,  ibw  being  circular,  but 
ait-  approaching  to  that  form.    All  are  surrounded  by  steep  ramparts. 

{d)  WUhdm  /.—  This  is  a  considerable  ring  mountain  8.E.  of  Tycho. 
The  altitude  of  Hs  eastern  parapet  is  10,000  feet,  that  of  its  western  being 
only  6000.  Its  crest  is  studded  with  peaks ;  and  craters  of  various  magni- 
tades,  heights,  and  depths,  surrounding  it  in  great  numt>er8,  and  giving  a 
varied  appearance  to  the  adjacent  region. 

(p)  LongomtmUniMt,  —  A  large  circular  range,  having  a  diameter  of  So 
miles,  enclosing  a  plain  of  great  depth.  The  eastern  and  western  rfdges 
rise  to  the  height  of  12,000  to  13,000  feet  above  the  level  of  the  enclosed 
plaffL  Its  shadow  sometimes  falls  upon  and  conceals  the  numerous  craters 
and  promontories  which  lie  near  it.  The  whole  surrounding  region  is  savage 
and  rugged  in  the  highest  degree,  and  must,  according  to  Midler,  have 
rebutted  fh>m  a  long  succession  of  convulsions.  The  principal,  and  ap- 
parently original,  crater  has  given  way  in  course  of  thne  to  a  series  of  new 
and  less  violent  eruptions.  All  these  smaller  formations  are  visible  on 
the  full  moon,  but  not  the  principal  range,  which  then  disappears,  though  its 
place  may  still  be  ascertained  by  its  known  position  in  relation  to  TVcho. 

(9)  Jfo^'fiM.  —  This  range  N.W.  of  Tycho  (see  Plate  I.)  has  the  appear-^ 
ance  of  a  vast  and  wild  ruin.  The  wide  plain  enclosed  by  it  lies  in  deep 
shade  even  when  the  sun  has  risen  to  the  meridian.  Its  general  height  is 
13.000  feet.  A  broad  elevated  base  connects  the  numberless  peaks,  terraces, 
and  groups  of  hills  constituting  this  range,  and  small  cratera  are  nnmeroos 
among  these  wild  and  conftised  masses.    The  central  peak  a  is  a  low  bat 


bered,  however  that,  while  Plat^  XI.  represents  the  region  as  it  appean  in  a 
telescope  which  inverts,  Plate  XII.,  represents  it  as  if  it  were  reflected  in  a 
mirror,  or  as  it  would  be  seen  with  a  telescope  having  a  prismatic  e^-e* 
piece. 
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irell-ctefiiMd  hillt  dote  to  which  U  «  crater-like  deprettion,  «iid  otbcfir  le^s 
ponsidenble  hills. 

(r)  Analogy  to  terrettrial  volcanoes  more  apparent  titan  real —  enlarged  view 
of  GaemndL —  The  Tolcaoic  character  obeerred  in  the  selenographic  forma- 
UoQ  loses  mnch  of  its  analogy  to  liker  formations  on  the  earth's  sorface 
when  higher  magnifying  powers  enable  ns  to  examine  the  details  of  whut 
appear  to  be  craters,  and  to  compare  their  dimensions  with  e^n  the  most ' 
extensive  terrestrial  craters.  Numerous  examples  may  be  produced  to  illus- 
trate this.  We  have  seen  that  Tycho,  which,  viewed  under  a  moderate 
magnifying  power,  appears  to  possess  in  so  eminent  a  degree  the  volcanic 
character,  is,  in  fact,  a  circular  chain  endosing  an  area  upwards  of  fifty 
miles  in  diameter.  Gassendi,  another  system  of  like  form,  and  of  still  more 
stupendous  dimensions,  is  delineated  in  Plate  Xlil.,  as  seen  with  high 
magnifying  powers.  This  remarkable  object  consists  of  two  enormous  cir- 
cular diains  of  mountains,  the  lesser,  which  lies  to  the  north,  measuring 
164  miles  in  diameter,  and  the  greater,  lying  to  the  south,  enclosing 
an  area  60  miles  in  diameter.  The  area  enclosed, by  the  former  is 
therefore  214,  and  by  the  latter  2827  square  miles.  The  height  of  the 
lesser  chain  is  about  10,000  feet,  while  Aat  of  the  greater  varies  from  3500 
to  5000  feet  The  vast  area  thus  enclosed  by  the  greater  cbaiu  includes,  at 
or  nearits  centre,  a  principal  central  mountain,  having  eight  peaks  and  an 
heif^t.of  2000  feet,  while  scattered  over  the  surrounding  enclosure  up- 
wards of  a  hundred  mountains  of  less  considerable  elevation  have  been 
counted. 

It  is  easy  to  see  how  little  analogy  to  a  terrestrial  volcanic  crater  is  pr<tf- 
^t6d  by  these  characters. 

The  preceding  selections^  combined  with  the  charts^  Hates  L, 
XL,  XTL,  and  XTTT.,  will  serve  to  show  the  general  physical  character 
of  the  lunar  surface;  and  the  elaborate  accur^  with  which  it  has 
been  submitted  to  telescopic  examination.  In  the  work  of  Beer 
and  Madler  a  table  of  the  heighta  of  above  i  CK>o  mountains  is  given^ 
seTeral  of  which  attain  to  an  elevation  of  23,000  feet,  equal  to  that 
of  the  highest  sunmiit^  of  terrestrial  mountains,  while  the  diameter 
of  the  moon  is  little  more  than  a  quarter  that  of  the  earth. 

213.  ObserwAtloBft  of  BemdiaL  —  Sir  John  Herschd  says^ 
that  among  the  lunar  momitains  may  be  observed  in  its  highest 
perfection  the  true  volcanic  character,  as  seen  in  the  crater  of 
Vesuvius  and  elsewhere ;  but  with  the  remarkable  peculiarity  that 
the  bottoms  of  many  of  the  craters  are  very  deeply  depressed  below 
the  general  svaSiace  of  the  moon,  the  internal  depth  being  in  many 
eases  two  or  three  times  the  external  height  In  some  cases,  he 
tiiinksy  dedsive  marks  of  volcanic  stratification,  arising  from  a 
succession  of  deposits  of  ejected  matter,  aad  evident  indications  of 
currents  of  lava  streaming  outwards  in  all  directions,  may  be  clearly 
traced  with  powerful  telescopes. 

214.  Obserwatloiui  of  tlio  Sari  of  Xomo.  —  By  means  of  the 
great  reflecting  telescope  of  Lord  Eosse,  the  flat  bottom  of  the 
crater  called  Albategnius  is  distinctly  seen  to  be  strewed  with 


ISO  ASTRONOMY. 

Uodca,  not  TiBible  with  less  powerful  instnmieiitB ;  while  ike  ex- 
terior of  another  (Aiistillus)  is  intersected  with  deep  gnlliee 
radiating  from  its  centre. 

215.  Supposed  iaflmaiioe  of  the  moon  on  tho  woasiior. — • 

Among  the  many  influences  which  the  moon  is  supposed^  bj  the 
*  world  in  general^  to  exercise  upcm  our  globe,  one  ci  those,  which 
has  been  most  imiversallj  believed,  in  all  ages  and  in  all  oonntrieey  is 
that  which  it  is  presumeid  to  exert  upon  the  changes  of  the  weather. 
Although  the  particular  details  of  this  influence  are  sometimes 
pretended  to  he  described,  the  only  general  principle,  or  rule, 
which  preyails  with  the  world  in  general  is,  that  a  change  of  weatha* 
may  be  looked  for  at  the  epochs  of  new  and  full  moon :  that  is  to 
say,  if  the  weather  be  preyiously  fair  it  will  become  foul,  and  if 
foul  will  become  lair.  Similar  changes  are  also,  sometimes,  though 
not  so  confidently,  looked  for  at  the  epochs  of  the  quarters. 

A  question  of  this  kind  may  be  reg^urded  either  as  a  question  of 
science,  or  a  question  of  fact 

If  it  be  regarded  as  a  question  of  science,  we  are  called  upon  to 
explain  how  and  by  what  property  of  matter,  or  what  law  of  nature 
or  attraction,  the  moon,  at  a  distance  of  a  quarter  of  a  million  of 
miles,  combining  its  efiects  with  the  sun,  at  four  hundred  times  that 
distance,  can  produce  those  alleged  changes.  To  this  it  may  be 
readily  answered  that  no  known  law  or  principle  has  hitherto 
explahied  any  such  phenomena.  The  moon  and  sun  must,  doubt- 
less, tifhct  the  ocean  of  air  which  suirounds  the  globe,  as  they  a£foct 
the  ocean  of  water — producing  effects  analogous  to  tides ;  but  when 
the  quantity  of  such  an  effect  is  estimated,  it  is  preyed  to  be  matcik 
as  could  by  no  means  account  for  the  meteorological  changes  hero 
adverted  to. 

But  in  conducting  investigations  of  this  kind  we  proceed  alto- 
gether in  the  wrong  direction,  and  begin  at  the  wrong  end,  when 
we  commence  with  the  investigation  of  the  physical  cause  of  the 
supposed  phenomena.  Our  first  business  is  cazeMly  and  accurately 
to  observe  the  phenomena  of  the  changes  of  the  weather,  and  tiien 
to  put  them  in  juxtiqposition  with  the  contemporaneous  changes  of 
the  lunar  phases.  If  tiiere  be  any  discoverable  conespondenoe,  it 
then  becomes  a  question  of  physics  to  assign  its  cause. 

Such  a  course  of  observation  has  been  made  in  various  observa- 
tories with  all  the  rigour  and  exactitude  necessary  in  such  an 
inquiry,  and  has  been  continued  over  periods  of  time  so  extended, 
as  to  effiice  all  conceivable  efiects  of  accidental  irregularities. 

We  can  imagine,  placed  in  two  parallel  columns,  in  juxtapositicMi, 
the  series  of  epochs  of  the  new  and  full  moons,  and  the  quarters, 
and  the  corresponding  conditions  of  the  weather  at  these  times,  for 
fifty  or  one  hundred  years  back,  so  that  we  may  be  enabled  to  ex- 
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sminey  m  a  mere  matter  of  fact,  the  conditions  of  tHe  weather  for 
one  thousand  or  twelve  hundred  Ml  and  new  moons  and  quarters. 

From  such  a  mode  of  observation  and  inquiry,  it  has  resulted 
oondttshrelj  that  the  popular  notions  conceming  the  influence  of  the 
lunar  phases  on  the  weather  have  no  foundation  in  theozj,  and  no 
oorreepondence  with  observed  fiftcts.  That  the  moon,  by  her  gravi- 
tation, exerts  an  attraction  on  our  atmosphere  cannot  be  doubted ; 
bat  the  effects  which  that  attraction  would  produce  upon  the 
weather  are  not  in  accordance  with  observed  phenomena;  and, 
therefore,  these  effects  are  either  too  small  in  amount  to  be  appre« 
ciable  in  the  actual  state  of  meteorological  instruments,  or  they  are 
obliterated  by  other  more  poweiful  causes,  from  which  hitherto  they 
have  not  been  eliminated.  It  appears,  however,  by  some  series  of 
observations,  not  yet  confirmed  or  continued  through  a  sufficient 
period  of  time,  that  a  slight  correspondence  Inay  be  discovered 
between  the  periods  of  rain  and  the  phases  of  the  moon,  indicating 
a  very  feeble  influence,  depending  on  the  relative  position  of  that 
luminary  to  the  son,  but  having  no  diacoverable  relation  to  the  lunar 
attraction.  This  is  not  without  interest  as  a  subject  of  scientific 
inquiry,  and  is  entitied  to  the  attention  of  meteorologists ;  but  its 
infiuence  is  so  feeble  that  it  is  altogether  destitute  of  popular  interest 
as  a  weather  prognostic.  It  may,  therefore,  be  stated  that,  as  far 
as  observation  combined  with  tiieory  has  afforded  any  means  of 
knowledge,  there  are  no  grounds  for  the  prognostications  'of  weather 
enoneously  supposed  to  be  derived  from  the  influence  of  the  sun 
and  moon. 

Thoae  who  are  impressed  with  the  feeling  that  an  opinion  so 
universally  entertained  even  in  countries  remote  from  each  other, 
as  that  whidi  presumes  an  influence  of  the  moon  over  tiie  changes 
of  the  weather,  will  do  well  to  remember  that  against  that  opinion 
we  have  not  here  opposed  mere  theory.  Nay,  we  have  abandoned 
for  the  occasion  the  support  that  science  mi^t  aflbrd,  and  the  light 
h  mig^t  shed  on  the  negative  of  this  question,  and  have  dealt 
with  it  as  a  mere  question  of  fact  It  matters  littie,  so  far  as  this 
question  is  concerned,  in  what  manner  the  moon  and  sun  may  pro- 
duce an  effect  on  tiie  weather,  nor  even  whetiier  they  be  active 
causes  in  producing  such  eflfect  at  all.  The  point,  and  the  only 
point  of  importance,  is,  whether,  regarded  as  a  mere  maUer  of  fact, 
any  correspondence  between  the  changes  of  the  moon  and  those  of 
the  weather  exists  P  And  a  short  examination  of  the  recorded  facts 
proves  tiiat  rr  does  Kar. 

216.  OtHar  avppoaed  lunar  laaoeneea. — But  meteorological 
phenomena  are  not  the  only  effects  imputed  to  our  satellite :  that 
body,  like  comets,  is  made  responsible  for  a  vast  variety  of  inter- 
ferences with  organised  nature..  The  circulation  of  the  juices  of 
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yegeUbles,  the  i|ualitie8  of  grain,  t^e  "^te  of  jibe  vintage;  are  aH 
laid  to  its  account ;  and  tin^ber  must  ji)e  felled^  the  harvest  cut  down 
«nd  gathered  in,  and  the  juice  of  the  grape  expieeaed,  at  times 
and  under  circumstances  regulated  by  the  a^>ect8  of  the  moon,  if 
excellence  be  hoped  for  in  these  product^  pf  the  soil. 

According  to  popular  belief,  our  satellite  also  presides  oyer  human 
maladies;  and  the  phenomeni^  of  the  sick  chamber  are  goYemed  bj 
the  Ifmar  phases;  nay,  liie  yeiy  maqrow  of  pur  bones>  and  th^ 
weight  of  our  bodies,  suffer,  increase  or  diminution  by  its  influence). 
Nor  is  its  imputed  power  confined  to  physical  or  organic  effects;  it 
notoriously  governs  mental  derangement. 

If  these  opinions  respecting  lunar  influences  were  limited  to 
particular  countries,  they  would  be  lees  entitled  to  serious  con- 
sideration; but  it  is  a  curious  fyct  that  many  of  them  preyail  and 
have  prevailed  in  quarters  of  the  earth  so  distant  and  unconnected, 
that  it  is  di£^cult  to  imagine  the  same  error  to  have  proceeded 
from  the  same  source. 

Our  limits,  and  the  objects  to  which  this.  YQlume  is  directed, 
i-ender  it  impossible,  here  to  notice  inore  fully  the  physical  and 
physiological  influences  imputed  to  the  m^oAy  more  especially  at 
these  influences,  though  interesting  in  themselvee,  have  but  ait 
indirect  connection  with  lunar  aetnmoniy. 

217.  Tbe  liuiar  theory* — It  is  the  object  of  this  wotk  to 
present  to' the  reader  in  as  concise  a  form  as  possible,  a  g^eral 
description  of  the  celestial  motions  peci^iar  to  each  member  oi  tho 
solar  system,  without  adding  to  the  text  symbolical  explanationa 
where  they  can  easily  be  avoided),  those  of  our  ireaders  who  d^oro 
to  enter  largely  into  the  theoretical  branch  of  lunar  astronomy 
should,  therefore,  consult  those  works  which  are  naore  particularly 
devoted  to  the  subject  At  the  present  -moment  some  of  oar 
greatest  mathematicians  are,  not  only  in  £ngland,  but  also  in  Franco 
and  Germany,  discussing  several  of  the  most  difficult  portions  of 
the  lunar  theoiy,  bringing  to  their  aid  the  highest  mathematical 
analysis  in  the  power  of  the  huqian  intellect  The  publication  of 
the  reductions  of  the  Greenwich  observations  of  the  moon  mado 
since  1750  up  to  a  modem  date,  has  to  a  great  extent  been  the 
origin  of  all  these  important  investigations^  As  one  great'  leeolt. 
Professor  Hansen  of  Gotha^  using  th^  observatianB  for  the  perfec- 
tion of  the  theory,  has  formed  lunar  tables,  which  from  their 
general  agreement  with  a  considerable  number  of  modem  ob-* 
servations,  with  which  they  have  been  compared,  are  oonsiderecl 
worthy  of  being  classed  amongst-the  greatest  ti|umphs  of  theoretical 
astronomy. 
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CHAPTER  XI. 

¥HB  TIDES  ASd'tbADB  WINDS. 

2 1 8.  Oorrespondence  between  tbe  reearrene^  of  the  tides 
and  the  dlunua  appearaaoe  of  the  moeii.  —  The  phenomena 
of  the  tides  of  the  ocean  are  too  Temarkahle  not  to  have  attracted 
notice  at  an  early  period  in  the  progress  of  knowledge.  The 
intenralB  between  the  epochs  of  high  and  low  water  everywhere 
corresponding  with  the  intervals  between  the  passage  of  the  moon 
OY»  the  meridian  above  and  below  the  horizon^  suggested  naturally 
the  physical  connection  between  these  two  effects^  and  indicated 
l^e  probability  of  the  cause  of  the  tides  being  found  in  the  motion 
cf  the  moon. 

219.  ■sreiieeiie  aotleiie  ef  the  UacMt  iaflueiiee. — There 
ore  few  subjects  in  physical  science  about  which  more  erroneous 
ilotions  prevail  among  those  who  are  but  a  little  informed.  A 
common  idea  is,  that  the  attraction  of  the  moon  draws  the  paters 
of  the  earth  toward  that  side  of  the  globe  on  which  it  happens 
to  be  placed,  and  that  consequently  tiiey  are  heaped  up  on  that 
aide,  so  that  the  oceans  and  seas  acquire  there  a  greater  depth  than 
elsewhere ;  and  that  high  water  will  thus  take  place  under,  er 
nearly  under,  the  moon.  But  this  does  not  correspond  with  the 
hcL  High  water  is  not  produced  merely  imder  the  moon,  but  is 
equally  produced  upon  those  parts  most  removed  from  the  moon. 
Sujipose  a  meridian  of  the  earth  so  selected,  that  if  it  were  con- 
tinued beyond  the  earth,  its  plane  would  pass  through  the  mooti*; 
we  find  that,  subject  to  certain  modifications,  a  great  tidal  wave, 

.oie  what  is  called  kigh  tra^,.vrill  be  formed  on  both  sides  of  this 
meridian ;  that  is  to  say,  on  the  side  next  the  moon,  and  on  the 
side  remote  from  the  moon.  As  the  moon  moves,  these^  two  great 
tidal  waves  follow  her.  They  are  of  course  separated  from  each 
other  by  half  the  circumference  of  the  globe.  As  the  globe  re- 
volves with  its  diuimal  motion  upon  its  axis,  every  part  of  its 
surfocew .passes  successively  under  these  tidal  waves;  and  at  all 
such  parts,  as  they  pass  under  them,  there  is  the  phenomenon  of 
high  water.  Hence  it  is  that  in  all  places  there  are  two  tides 
daily,  having  an  interval  of  about  twelve  hours  between  them. 
Now,  if  the  common  notion  of  the  cause  of  the  tides  were  well 
founded,  there  would  be  only- one.  tide  daily — viz.,  that  which 
would  take  place  when  the  moon  is  at  or  near  the  meridian. 

220.  Thesaeen's  mttraotion  Alone  wlU  not  explain  the  tides. 
.-^That  the  moon's  attraction  upon  the  earth  simply  considered 
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would  not  explain  the  tides  is  easily  shown.  Let  us  sappoee  thas 
the  whole  mass  of  matter  on  the  earth,  induding  tibe  waters 
which  pardallj  cover  it,  were  attracted  equally  hy  the  moon ;  they 
would  then  be  equally  drawn  toward  that  body,  and  no  reason 
would  exist  why  they  should  be  heaped  up  under  the  moon ;  for 
if  they  were  drawn  with  the  same  force  as  that  with  which  the 
solid  globe  of  the  earth  under  them  is  drawn,  there  would  be  no 
reason  for  supposing  that  the  waters  would,  haye  a  greater  tendency 
to  collect  toward  the  moon  than  the  solid  bottom  of  the  ocean  on 
which  they  rest  In  short,  the  whole  mass  of  the  earth,  solid  and 
fluid,  being  drawn  with  ihe  same  force,  would  equally  tend  toward 
the  moon ;  and  its  parts,  whether  solid  or  fluid,  would  preserve 
among  themselves  the  same  relative  position  as  if  they  were  not 
attracted  at  alL 

221.  Tides  eaoaad  by  the  dlflsrenoe  of  the  attrmettoaa  osi 
dURsrmit  ^arta  of  tHe  oartlu  —  When  we  observe,  however,  in  a 
mass  composed  of  various  particles  of  matter,  that  the  relative 
arrangement  of  these  partides  is  disturbed,  some  being  driven  in 
certain  directions  more  than  others,  the  inference  is,  that  the  com- 
ponent parts  of  such  a  mass  must  be  placed  under  the  operati6n  of 
different  forces :  those  which  tend  more  than  others  in  a  certain 
direction  being  driven  with  a  proportionally  greater  force.  Such 
is  the  case  witii  the  earth,  placed  under  the  attraction  of  the  moon. 
And  this  is,  in  fact,  what  must  happen  under  the  operation  of  an 
attractive  force  like  that  of  gravitation,  which  diminishes  in  its 
intensity  as  the  square  of  the  distance  increases. 

Let  ▲,  B,  c,  D,  B,  F,  e,  H,  Jiff.  52,  represent  the  globe  of  the 
earth,  and,  to  simplify  the  explanation,  let  us  flrst  suppose  the 
entire  surface  of  the  globe  to  be  covered  with  water.  Let  x,  the 
moon,  be  placed  at  the  distance  XH  ttom  the  nearest  point  of  Ite 


surface  of  the  earth.  Now  it  will  be  apparent  that  the  various 
points  of  the  earth^s  surface  are  at  different  distances  finom  the 
moon  x.    A  and  a  are  more  remote  than  H ;  B  and  F  still  more  re- 
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mote;  Ctnd  B  more  distant  again,  and  n  more  remote  than  alL  The 
attraction  which  the  moon  exercises  at  H  is^  therefore,  greater  than 
that  which  it  exercises -at  A  and  &,  and  still  greater  than  that 
which  it  produces  at  b  and  T ;  and  the  attraction  which  it  exercises 
at  D  is  least  of  alL  Now  tiiis  attraction  equaUj  affects  matter  in 
every  state  and  condition.  It  affects  the  particles  of  fluid  as  well 
as  soHd  matter ;  but  there  is  this  difierence,  that  where  it  acts 
upon  solid  matter,  the  ocnnponent  parts  of  which  are  at  different 
distances  from  it,  and  theredbre  subject  to  different  attractions,  it 
will  not  disturb  the  relatiye  arrang^nent,  since  such  disturbances 
or  disarrangements  are  prevented  by  the  cohesion  which  character- 
ises a  solid  bodj ;  but  this  is  not  the  case  with  fluids,  the  particles 
of  which  are -mobile. 

The  attraction  which  the  moon  exercises  upon  the  shell  of 
water,  which  is  collected  immediatelj  under  it  near  the  point  z, 
is  greater  than  that  which  it  exercises  upon  the  solid  mass  of 
the  globe ;  oonsequenHj  there  will  be  a  greater  tendency  of  this 
attraction  to  draw  the  fluid  which  rests  upon  the  sur^Eice  at  H 
toward  the  moon,  than  to  draw  the  solid  mass  of  the  earth  which 
iamore  distant. 

As  the  fluid,  by  its  nature,  is  free  to  obey  this  excess  of  attrac- 
tioD,  it  will  necessarily  heap  itself  up  in  a  pile  or  wave  over  H, 
forming  a  convex  protuberance,  as  represoited  between  r  and  i. 
Thus  hig^  water  will  take  place  at  H,  immediately  under  the 
moon.  The  water  whidi  thus  collects  at  h  will  necessarily  flow 
fr«nn  the  regions  B  and  F,  where  therefore  there  will  be  a  diminished 
quantity  in  the  same  proportion. 

But  let  us  now  consider  what  happens  to  that  part  of  the  earth 
D.  Here  the  waters,  being  more  remote  from  the  moon  than  the 
solid  mass  of  the  earth  under  them,  will  be  less  attracted,  and 
consequently  wiU  have  a  less  tendency  to  gravitate  toward  the 
moon.  The  solid  mass  of  the  earth,  d  h,  will,  as  it  were,  recede 
from  the  waters  at  n,  in  virtue  of  the  excess  of  attraction,  leaving 
these  waters  behind  it,  which  will  thus  be  heaped  up  at  n,  so  as  to 
form  a  convex  protuberance  between  /  and  kf  similar  exactly  to 
that  which  we  have  already  described  between  r  and  t^  As  the 
difference  between  the  attraction  of  the  moon  on  the  waters  at  2 
and  the  solid  earth  under  the  waters  is  nearly  the  same  as  the 
difference  between  its  attraction  on  the  latter  and  upon  the  waters 
at »,  it  foUows  that  the  height  of  the  fluid  protuberances  at  2  and 
,  n  are  equaL  In  other  words,  the  height  of  the  tides  on  opposite 
odes  of  the  earth,  the  one  being  under  the  moon  and  the  other 
most  remote  from  it  are  equaL 

It  appears,  therefore,  tiiat  the  cause  of  the  tides,  so  far  as  the 
action  of  the  moon  is  concerned,  is  not,  as  is  vul^ly  supposed, 
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the  mere  attraction  of  the  moon ;  eincei  if  that  attraction  wer9 
equal  on  all  the  component  partB  of  the  earth,  there  would  assuredl  j 
be  no  tides.  We  are  to  look  for  the  cause,  not  in  the  attraction  of 
the  moon,  but  in  the  ineguaUty  of  its  attraction  on  different  paria 
of  the  earth.  The  greater  this  inequality  is,  the  greater  wiU  be 
the  tides.  Hence,  as  the  moon  is  subject  to  a  slight  variation  uf 
distance  from  the  earth,  it  will  follow,  that  when  it  is  at  its  least 
distance,  or  at  the  point  called  perigee^  the  tides  will  be  greatest ; 
and  when  it  is  at  the  greatest  distance,  or  at  the  point  called 
apogeey  the  tides  will  be  least ;  not  because  the  entire  attraction  of 
the  moon  in  the  former  case  is  greater  than  in  the  latter,  but  be- 
cause the  diameter  of  the  globe  bearing  a  greater  proportion  to  the 
lesser  distance  than  the  greater,  there  wDl  be  a  greater  inequalHif 
t)f  attraction. 

222.  BlliBota  of  San**  ammetton. — It  will  occur  to  those  who 
Wtow  on  these  observations  a  little  reflection,  that  aU  which  we 
^ave  stated  in  reference  to  the  effects  produced  by  the  attraction  of 
the  moon  upon  the  earth,  will  also  be  applicable  to  the  attraction 
of  the  sun.  This  is  undoubtedly  tr^e ;  but  in  the  case  of  the  sun 
the  eflects  are  modified  in  some  very  important  respects.  The  sun 
is  at  400  times  a  greater  distance  than  the  moon,  and  the  actual 
amount  of  its  attraction  on  the  earth  would,  on  that  account,  be 
160,000  times  less  than  that  of  the  moon;  but  the  mass  of  the 
sun  exceeds  that  of  the  moon  in  a  much  greater  ratio  than  that  of 
160,000  to  I.  It  therefore  possesses  a  much  greater  attracting 
power  in  virtue  of  its  mass,  compared  with  the  moon,  than  it  loses 
by  its  greater  distance.  It  exercises,  therefore,  upon  the  eartb  an 
attraction  enormously  greater  than  tiie  moon  exercises.  Now,  if 
the  simple  amount  of  its  attraction  were,  as  is  commonly  sup- 
posed, die  cause  of  the  tides,  the  sun  ought  to  produce  a  vastly 
greater  tide  than  the  moon.  The  reverse  is,  however,  the  case, 
and  the  cause  is  easily  explained.  'Let  it  be  rentembered  that 
the  tides  are  due  solely  to  the  inequality  ,of  the  attraction  on 
difierent  sides  of  the  earth,  and  the  greater  that  Inequality  is,  the 
greater  will  be  the  tides,  end  the  leto  that  inequality^  is,  the  less 
will  be  the  tides. 

In  the  case  of  the  sun,  the  total  distance  is  1 2,000  diameters  of 
the  earth,  and  consequently  the  difference  between  its  distances 
from  the  one  side  and  the  other  of  the  earth  will  be  only  the 
1 2,OQOth  part  of  the  whole  distance,  while  in  the  case  of  the  moon, 
the  total  distance  being  only  50  diameters  of  the  earth,  the  difl^  , 
ence  of  the  distances  from  one  side  and  the  other  is  the  30^1  part 
of  the  whole  distance.  The  inequality  of  the  attraction,  upon  which 
alone,  and  not  on  its  whole  amount,  the  production  of  the  tidal 
wave  depends,  is  therefore  much  greater  in  the  case  of  the  moon. 
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According  to  Newton's  colculationy  the  tidal  ware  due  to  the  moon; 
13  greater  id  height  than  that  due  to  the  sun  in  the  ratio  of  58  to* 
23,  or  2|  to  I  very  nearly. 

223.  Cause  of  vpriMg  a^d  neap  tlde««— There  is,  therefore,  a< 
flolar  as  well  .as  a  lunar  tide  wave,  the  former  being  much  less 
elevated  than  the. latter,  and  each  following  the  luminary  from, 
which  it  takes  its  name.  When  the  sun  and  moon,  therefore,  are> 
either  on  the  same  side  of  the  earth,  or  on  the  opposite  sides  of  the 
earth — in  other  words,  when  it  is  new  or  full  moon— their  eflfects 
in  producing  tides  are  combined,  and  the  spring  tide  is  produced, . 
the  height  of  which  is  equal  to  the  solar  and  lunar  tides  taken 
together. 

On  the  other  hand,  when  the  sun  and  moon  are  separated  from 
each  other  by  a  distance  of  one.  fourth  of  the  heavens,  that  is, 
when  the  moon  is  in  the  quarters,  the  effect  of  the  solar  tide  has  a 
tendency  to  diminish  that  of  the  lunar  tide. 

The  Iddas  produced  by  the  combination  of  the  lunar  and  solar  tide 
waves  at  the  time  of  new  and  full  moon  are  called  spBura  tibss  ; 
and  tiiose  produced  by  the  lunar  wave  diminished  by  the  effect  of ; 
the  solar  wave  at  the  quarters  are  called  ifSAP  tides. 

224.  ^f^ythe  tides  are  net  prodaeed  direotlj  under  tlie : 
nuioii.— If  physical  e^^ta  followed  immediately  without  any 
appreciable  interval  of  time  the  operation  of  their  causes,  then  the 
ticUd  wave  produced  by  the  moon  would  be  on  the  meridian  of  the  * 
earth  directly  imder  and  opposite  to  that  luminary  ;  and  the  same  * 
would  be  true  of  the  solar  tides.    But  the  waters  of  the  globe  have 
in  common  with  all  other  matter,  the  property  of  inertia,  and  it 
takes  a  certain  interval  of  time,  to  impress  upon  them  a  certain 
change  of  position.    Hence  it  follows  that  the  tidal  wave  produced 
by  the  moon  is  not  formed  immediately  under  that  body,  but  follows 
it  at  a  certain  distance.    In  consequence  of  this,  the  tide  raised  by  ' 
the  moon  does  not  take  place  for  two  or  three  hours  after  the  moon 
passes  the  meridian ;  and  as  the  action  of  the  sun  is  still  more  feeble, 
there  is  a  still  greater  interval  between  the  transit  of  the  sun  and 
occurrence  of  tibe  solar  tide. 

225.  Vrlmlar  «^  larffinr  of  the  tides. — But  besides  these 
ciroumstances,  the  tide  is  affected  by  other  causes.  It  is  not  to  the 
separate  e£^  of  either  of  these  bodies,  but  to  the  combined  effect 
of  both,. that  the  effects  are  due ;  and  at  eveiy  period  of  the  month, 
the  time  of  actual  high  water  is  either  accelerated  or  retarded  by 
the  sun.  In  the  ftrst  and  third  quarterM)f  the  moon,  the  solar  tide 
is  westward  of  the  lunar  one ;  and,  c<msequently,  the  actual  high 
water,  which  is  the  result  of  the  combination  of  the  two  waves,  will . 
be  to  the  westward  of  the  place  it  would  have  if  the  moon  acted 
alone,  and  the  time  of  high  water  will  therefore  be  accelerated.    In : 
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the  second  and  fourth  quarters  the  genei^  eflfect  of  the  sun  is,  for 
a  similar  reason,  to  produce  a  retardation  in  the  time  of  high  water. 
This  effect,  produced  by  the  sun  and  moon  combined,  is  what  it 
oonunonly  called  the  primmg  and  hiffSfmg  of  the  tides.  The  highest 
spring  tides  occur  when  the  moon  passes  the  meridian  about  an 
hour  after  the  sun  \  {or  then  the  maximum  efl^  of  the  two  bodies 
coincides. 

226.  mi— r^aa  of  "Wkow*!!  and  &vbl^«ek. — The  subject  of 
the  tides  has  of  late  years  reoeired  much  attention  fix>m  seyeral 
scientific  inyestigators  in  Europe.  The  discussions  held  at  the  an- 
nual meetings  of  the  British  Association  for  the  Adyanoemmit  of 
Science,  on  this  subject,  haye  led  to  the  deyelopment  of  much  useftil 
information.  The  laboursof  Professor  Whewell  haye  been  eepedally 
yaluable  on  these  questions.  Sir  John  Lubbock  has  also  published 
a  yaluable  treatise  upon  it  To  trace  the  results  of  these  inyesti- 
gationsin.all  the  details  which  would  render  tiiem  dear  and  intel- 
ligible, would  greatly  transcend  the  necessary  limits  of  this  yolume. 
We  shall,  howeyer,  briefly  adyert  to  a  few  of  the  most  remarkable 
points  connected  with  these  questions. 

227.  Viilfttr  uad  eorreotod  eataMlfllimoBt. — The  apparent 
time  of  high  water  at  any  port  in  the  afternoon  of  the  day  of  new 
or  f  uU  moon,  is  what  is  usually  called  the  eatabHskment  of  th$  pari. 
Professor  Whewell  calls  this  the  yulgar  establishment,  and  he 
calls  the  eorreded  eriahUshmmt  the  mean  of  all  the  interyala  of  the 
tides  and  transit  of  half  a  month.  This  corrected  establishment  is 
consequently  the  luni-ddal  interval  corresponding  to  the  day  on 
which  the  moon  passes  the  meridian  at  noon  or  midnight 

228.  Blunua  laeqnalltj. — The  two  tides  immediately  follow* 
ing  one  another,  or  tlie  tides  of  the  day  and  night,  yaiy,  both  in 
height  and  time  of  high  water  at  any  particular  place,  with  the  dis- 
tance of  the  sun  and  moon  firom  the  equator.  As  the  yertex  of  the 
tide  waye  always  tends  to  place  itself  yertically  under  the  luminary 
which  produces  it,  it  is  evident  that  of  two  consecutiye  tides,  that 
which  happens  when  the  moon  is  nearest  the  zenith  or  nadir  will  be 
greater  than  the  other  \  and,  consequently,  when  the  moon's  decli- 
nation is  of  the  same  denomination  as  the  latitude  of  the  place^  the 
tide  which  corresponds  to  the  upper  transit  will  be  greater  than 
the  opposite  one,  and  vice  vers4,  tiie  difference  being  greatest  when 
the  sun  and  moon  are  in  opposition,  and  in  opposite  tropics.  Thia 
is  called  the  DiCTBirAL  utbotjauty,  because  its  cyde  is  one  day ; 
but  it  yaries  greatiy  at  different  places,  and  its  laws,  which  ap- 
pear to  be  governed  by  local  circumstances,  are  very  imperfectiy 
known. 

229.  iKMal  effeota  ef  the  land  vpon  the  tides. — We  have 
now  described  the  prindpal  phenomena  that  would  take  place  were 
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tlie  earth  a  sphere^  and  ooyered  entirely  with  a  fluid  of  uniform 
depth.  But  the  actual  phenomena  of  the  tides  are  infinitely  more 
complicated.  From  the  intemiptioin  of  the  land,  and  the  irregular 
form  and  depth  of  the  ocean,  oomhined  with  many  other  diaturhing 
oircnmatanoeB,  among  which  are  the  inertia  of  the  waters,  the 
£riction  on  the  bottom  and  sides,  the  narrowness  and  length  of  the 
channels,  the  action  of  the  wind,  currents,  difference  of  atmospheric 
pressure,  &c  &c.,  great  yaiiation  takes  place  in  the  mean  times  and 
lieig^ts  of  high  water  at  places  differently  situated. 

23a  ▼•l«eit|r  mt  tidal  wmv*. — In  the  open  ocean  the  crest 
of  tide  trarels  with  enormous  velocity.  If  the  whole  surfiuie  were 
uniformly  coyered  with  water,  the  summit  of  the  tide  wave,  being 
mainly  goremedby  the  moon,  would  ereiywhere  follow  the  moon's 
transit  at  the  same  interval  of  time,  and  consequently  tmvel  round 
the  earth  in  a  little  more  than  twenty-four  hours.  But  the  dr- 
oumferenoe  of  the  earth  at  the  equator  being  about  25,000  miles, 
the  Telocity  of  propagation  would  therefore  be  about  1,000  miles 
per  hour.  The  aerial  velocity  is,  perhaps,  nowhere  equal  to  this, 
and  is  veiy  difierent  at  different  places.  In  latitude  60®  south, 
where  there  is  no  interruption  from  land  (excepting  the  nanow 
promontory  of  Patagonia),  the  tide  wave  will  complete  a  revolution 
in  a  lunar  day,  and  consequently  travel  at  the  rate  of  670  miles  an 
hour.  On  examining  Dr.  Whewell's  map  of  cotidal  lines,  it  will 
be  seen  that  the  great  tide  wave  from  the  Southern  Ocean  travels 
from  the  Cape  of  Qood  Hope  to  the  Aiores  in  about  twelve  hours, 
and  from  the  Azores  to  the  southernmost  part  of  Ireland  in  about 
three  hours  more.  In  the  Atlantic,  the  hourly  velocity  in  some 
cases  appears  to  be  10^  latitude,  or  near  700  miles,  which  is  almost 
equal  to  the  velocity  of  sound  through  the  air.  From  the  south 
point  of  Ireland  to  the  north  point  of  Scotland,  the  time  is  eight 
hours,  and  the  velocity  about  1 60  miles  an  hour  along  the  shore.  On 
the  eastern  coast  of  Britain,  and  in  shallower  water,  the  velocity  is 
less.  From  Buqhanness  to  Sunderland  it  is  about  60  miles  an  hour ; 
from  Scarborough  to  Cromer,  35  miles ;  from  the  North  Foreland  to 
L<»idon,  30  miles ;  from  London  to  Richmond  1 3  miles  an  hour  in 
that  psrt of  the  river.  (Whewell,^^  Thms,  1833,  1836.)  It  is 
scarcely  necessary  to  remind  the  reader  that  the  above  velocities 
refer  to  the  transmission  of  the  undulation,  and  are  entirely  dif- 
ferent from  the  velocity  of  the  current  to  which  the  tide  gives 
rise  in  shallow  water. 

231.  Wawf  of  the  tldas. — The  difference  of  level  between 
hig^  and  low  water  is  affected  by  various  causes,  but  chiefly  by  the 
conflgnration  of  the  land,  and  is  veiy  different  at  different  places. 
In  deep  inbends  €i  the  shore,  open  in  the  direction  of  the  tide  wave 
wad  gradually  contracting  like  a  funnel^  the  convergence  of  water 
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causes  a  Yerj  great  increase  of  the  range.    Hence  the  very  higli 
tides  in  the  Bristol  Channel,  the  Baj  of  St.  Malo,  and  the  Bay  of 
Fundy,  where  the  tide  is  said  to  rise  sometimes  to  the  height  of  one  - 
hundred  feet.    Promontories,  under  certain  dicumstances,  exert  an 
opposite  influence,  and  diminish  the  magnitude  of  the  tide.     The 
ohseired  ranges  are  also  Teiy  anomalous.    At  certain  places  on  the 
south-east  coast  of  Ireland,  the  range  is  not  more  than  three  feet, 
while  at  a  little  distance  on  eadi  side  it  becomes  twelve  or  thirteen 
feet;  and  it  is  remarkable  that  these  low  tides  occur  directly 
opposite  the  Bristol  Channel  where  {at  Chepstow)  the  difference 
between  high  and  low  water  amounts  to  sixty  feet    In  the  middle 
of  the  Pacific  it  amounts  to  only  two  or  three  feet    At  the  London 
Docks,  the  arerage  range  is  about  22  feet;  at  Liverpool,  15*5 
feet ;  at  Portsmouth,  1 2-5 ;  at  Plymouth,  also  1 2*5 ;  at  Bristol,  33 

.232.  Tides  aflboted  hiy  the  atmespliere. — Besides  the  nu- 
merous causes  of  irregularity  depending  on  the  local  drcumstancesy 
the  tides  are  also  afiected  by  the  state  of  the  atmosphere.  At  Brest, 
the  height  of  high  water  varies  inversely  as  the  height  of  the 
barometer,  and  rises  more  than  eight  inches  for  a  fall  of  about  half 
an  inch  of  the  barometer.  At  Liverpool,  a  fall  of  one-tenth  of  an 
inch  in  the  barometer  corresponds  to  a  rise  in  the  river  Mersey  of 
about  an  iuch ;  and  at  the  London  Docks,  a  fall  of  one-tenth  of  an 
inch  corresponds  to  a  rise  in  the  Thames  of  about  seven-tenths  of 
an  inch.  With  a  low  barometer,  therefore,  the  tide  may  be  expected 
to  be  high,  and  vice  vend.  The  tide  is  also  liable  to  be  disturbed 
by  winds.  Sir  John  Lubbock  states  that,  id  the  violent  hurricane 
on  the  8th  of  January,  1839,  there  was  no  tide  tit  Gbinsborough^ 
which  is  twenty-five  miles  up  the  Trent — a  circumstance  unknown 
before.  At  Saltmarsh,  only  five  miles  up  the  Ouse  from  the 
Humber,  the  tide  went  on  ebbing,  and  never  flowed  until  the  river 
was  dry  in  some  places ;  while  at  Ostend,  towards  which  the  wind 
was  blowing,  contrary  eflects  were  observed.  During  strong  north- 
westerly gales,  the  tide  marks  high  water  eariier  in  the  Thames 
than  o^erwise,  and  does  not  give  so  much  water,  while  the  ebb 
tide  runs  out  late,  and  marks  lower;  but  upon  the  gales  abating ^ 
and  weather  moderating,  the  tides  put  in  and  rise  much  highw, 
while  they  also  run  longer  before  high  water  is  marked,  and  with 
more  velocity  of  current :  nor  do  they  run  out  so  long  or  so  low. 

233.  The  trade  winds. — The  great  atmospheric  currents  thus 
denominated,  from  the  advantages  which  navigation  has  derived 
from  them,  as  well  as  other  currents  arising  from  the  same  causes, 
are  produced  by  the  unequal  exposure  of  the  atmospheric  ooean, 
which  coats  the  terrestrial  globe,  to  the  action  of  solar  heat;  the 
expansion  and  contraction  that  air^  in  common  with  all  gaseous : 
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bodies,  suffera  from  increase  and  diminution  of  temperature ;  the 
tendency  which  lighter  fluids  have  to  rise  through  heavier ;  and^ 
laetlyy  the  rotation  of  the  earth  upon  its  axis. 

The  regions  in  which  the  trades  prevail  are  two  great  tropical 
belts  extending  through  a  certain  limited  number  of  degrees  north 
find  south  of  the  line,  hut  not  prevailing  on  the  line  itself,  the 
atmospherical  character  of  which  is  an  almost  constant  calm.  The 
permanent  currents  blow  in  the  northern  tropical  belt  firom  the 
north-east,  and  in  the  southern  from  the  south-east 

On  the  other  hand,  in  the  higher  latitudes  of  both  hemispheres 
the  prevalent  atmospheric  currents  are  directed  from  west  to  east, 
redressing,  as  it  were,  the  disturbance  produced  bj  the  trades. 

To  understand  the  cause  of  these  phenomena,  it  is  necessary  to 

remember  that  the  sun,  never  departing  more  than  23^^  from  the 

celestial  equator,  is  vertical  daily  to  difierent  points  around  the 

tropical  regions,  the  rotation  of  the  earth  bringing  these  points 

successively  under  his  disk.    The  sun,  at  noon,  for  places  situated 

on  the  equator,  is  never  so  much  as  23^®  from  the  zenith,  while  the 

extreme  zenith  distance  of  the  sun  at  noon,  for  places  within  the 

tropics,  can  never  exceed  47^    The  intertropical  zone  from  these 

causes  becomes  much  more  intensely  heated  upon  its  surface^ 

than  the  parts  of  either  hemisphere  at  higher  latitudes*    This 

heat,  reflected  and  radiated  upon  the    incumbent   atmosphere, 

causes  it  to  expand  and  become  specifically  lighter,  and  it  ascends 

as  smoke  and  heated  air  do  in  n  chimney.    The  space  it  deserts 

is    fiUed    by  colder   and   therefore    heavier  air,   which    rushes 

in  from  the  higher  parts  of  either  hemisphere;  while  the  air  thus 

displaced,  raised  by  its  buoyancy  above  its  due  level,  and  un- 

sustained  by  any  lateral  pressure,  flows  down  towards  either  pole, 

and,  being  cooled  in  its  course  and  rendered  heavier,  it  descends  to 

the  surface  of  the  globe  at  those  upper  latitudes  from  which  the 

air  had  been  sucked  in  towards  the  line  by  its  previous  ascent 

A  constant  circulation  and  an  interchange  of  atmosphere  between 
the  intertropical  and  extratropical  regions  of  the  earth  would  thiis 
takepkce,  the  air  ascending  from  the  intertropical  surface  and 
then  flowing  towards  the  extratropical  regions,  where  it  descends  to 
the  snrfMM  to  be  again  sucked  towards  the  line. 

But  in  this  view  of  the  efiects,  the  rotation  of  the  earth  on  its 
axis  is  not  considered.  In  that  rotation  the  atmosphere  participates. 
The  air  which  rises  from  the  intertropical  surfaces  carries  with  it 
the  velocity  of  that  surface,  which  is  at  the  rate  of  about  1000 
miles  an  hoar  from  west  to  east  This  velocity  it  retains  to  a 
considerable  extent  after  it  has  passed  to  the  higher  latitudes  and 
descended  to  the  surface,  which  moving  with  much  less  velocity  from 
west  to  east,  there  is  an  effective  current  produced  in  that  direction^ 
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equivalent  to  the  excess  of  the  eastward  motion  of  tiie  air  oyer  the 
eastward  moti<xi  of  the  surfiEuse  of  the  earth.  Hence  arises  the 
prevalent  westward  winds^  especially  at  sea,  where  causes  of 
local  disturbance  are  not  frequent,  which  are  so  familiar,  and  one 
of  the  efiGdcts  of  which  has  been,  that,  while  the  average  length  of 
the  trip  of  good  sailing  vessels  £mm  New  York  to  liveipool  has 
been  onl  j  twenty  days,  that  of  the  trip  firom  Liverpool  to  New  IToA 
has  been  thirty-five  days. 

By  the  friction  of  the  earth,  and  other  causes,  the  air,  however, 
next  the  surface,  at  length  acquires  a  conmion  velocity  with  it,  and 
when  it  is,  as  above  described,  sucJced  towards  the  line  to  fill  the 
vacuum  produced  by  the  air  drawn  upwards  by  the  solar  heat,  it 
carries  with  it  the  motion  from  west  to  east  which  it  had,  in  common 
with  the  surface,  at  the  higher  latitudes.  But  the  surface  at  the 
line  has  a  much  greater  velocity  than  this  from  west  to  east  The 
Burface,  therefore,  and  all  objects  upon  it,  are  carried  against  the 
air  with  the  relative  velocity  of  the  surface  and  the  air,  that  is  to  say, 
with  the  efl^ct  of  the  difference  of  their  velocities.  Since  the 
surface,  and  the  objects  upon  it,  are  carried  eastward  at  a  mudi  less 
rate  than  the  air  which  has  just  descended  from  the  higher  latitudes, 
they  will  strike  against  the  air  with  a  force  proportional  to  the  dif- 
ference of  their  velocities,  and  this  force  wiU  have  a  direction  con- 
trary to  that  of  the  motion  of  the  surface,  that  is  to  say,  from  east 
to  west. 

But  it  must  be  considered  that  this  eastward  force,  due  to  the 
motion  of  the  earth's  surface,  is  combined  with  the  force  with  which 
the  air  moves  from  the  extratropical  regions  towards  the  line. 
Thus,  in  the  northern  hemisphere,  the  force  eastward  is  combined 
with  the  motion  of  the  air  from  north  to  south,  and  the  resultant 
of  these  forces  is  that  north-east  current  which  actually  prevails ; 
while,  for  like  reasons,  south  of  the  line,  the  motion  of  the  air  from 
south  to  north,  being  combined  with  the  force  eastward,  produces 
the  south-eastern  current  which  prevails  south  of  the  line. 

Were  any  considerable  mass  of  air,  as  Sir  J.  Herschel  observes, 
to  be  suddenly  transferred  from  beyond  the  tropics  to  the  equator, 
the  difference  of  the  rotatory  velocities  proper  to  the  two  situations 
would  be  so  great,  as  to  produce,  not  merely  a  wind,  but  a  tempet^ 
of  the  most  destructive  violence ;  and  the  same  observation  would 
be  equally  applicable  to  masses  of  air  transported  in  the  conlzaiy 
direction.  But  this  is  not  the  case ;  the  advance  of  the  air  is  gradual, 
and  all  the  while  the  earth  is  continually  acting  on  the  air,  and  by 
the  friction  of  its  surface  accelerating  or  retahiing  its  velocity. 
Supposing  its  progress  to  cease  at  any  point,  this  cause  would  almost 
immediately  communicate  to  it  the  deficient,  or  deprive  it  of  the 
excessive  motion  of  rotation,  after  which  it  would  revolve  qtuetly 
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-Old  !^89^  9Tqx  '(265  *h)  ooa9099pit93iii  JO  9:^9;9  9  HI  pro^  miojuov 
mx^  9ioin  Jdonpoa  si  9019^  ooois  'smvg  jo  119900  m  q^iii  po^soAai 
eq  ((snin  nns  oq^  %vt{^  Voqs  ui  i  stioosv^  oq  (|8nm  10949m  snomoiuf 
siq:^  pij^  poAOid  eq  o:^  S299dd9  %i  qoiqAi  jCq  ^%9a%  [90is^qd  9  pd^sa&Sns 
'jOAOiLoq  'B9q  oJ89iy — *oJ«i^  £q,  povodojd  «im  jo  «••&  -£Sz 

'not^ooi  9  qons  jo  J9cn^iaip9  oaop  prog  oi!^89|9  nv  'pnibrj 
eq  o:^  pesoddns  eq  !(oini90  moq  led  sejim  zir  jo  e^vi  eqt^  %'b  JSniAoni  jo 
eiq9d90  prog  9  %w^  pepiie;noo  si  %i  pii9  i  JSmsop  m  s^odfi  eq^  jo  9e)9pe 
eq^  JO  aoi^^om  pidvi  eq!(  iCq  po!^90ipin  99  'j^ijiqom  Xmmpiovi^xe 
941  iq  iC|eAi8npaoo  pOAOjd  eq  q%  pe^r^nnpv  91  pi^og  ^n  si  %i  ^qx 

*9noes9)S  JO  ^pmbii  ^n^  ^  ^  leq^eqiA 
'ons  eq^  jo  eqof^  eq|  97900  qoiqj^  ja«|!^9m  9noinam][  oq^  jo  o^w^ 
l90isiCqd  eq^  '9iseq^odiCq  10  ofn^oefnoo  jo  ii^uepneddpoi  '001^ 
-9AJ98qo  JO  i^se;  i^oeiip  eq^  iq  uprijeosB  0;  9p9m  neeq  eA9q  9)diiia)f|« 
snouv^ — *9iio«««l  mis  om  jo  Snnvoo  tiMOff^pmwvx  *zSz 

*3[sip  eq;  JO  seJSpe  eq;  i9ea  pe][J9iii  A^oi^ 
pa9  ;ne[9Aeid  eiom  jCjpuene^  ei9  seonvroeddv  e9dqx  '99inani 
pm  89inov/9Uja»^  eq;  iq  pe;9iii9i8ep  iCi^trajejgrp  neeq  eA9q  i[8ip  eq; 
JO  96eii;qduq  eq;  jo  X;isae;iii  eq;  m  sepeusA  piOAes  eseqx  *;no 
3[9eiq  iie;jo  e^ods  qoiq^  daonre  'ipip  eq;  jo  6;j9d  ieq;o  eq;  nsq;  snon 
-ram^  iCiesae;ni  eiom  ^S3[9ej!|e  daiqomuq  10  poAino  pengep  A\^iuQt^ 
q;iii  peiOApo  ospi  'peAiesqo  ej9  seovds  eAi9ae;xe  s;od9  eq;  jo  se^pe 
eq;  piinoi9  iC|9;9Tp9aian  eoude  eq;  nj  "OAoqB  moij  i^iBpiOTpaed 
•^ed  ;9  pe3[ooi  neq^  'PP9  ;nei9d8ii9j;  9  m  9e;9;idioejd  praimequ 
;aetnooog  emoe  jo  eooepisqns  jaojs  eq;  iCq  peonpoid  eoireiveddv  eq; 
JO  'eo9jjns  pmbean  iib  ^iiiA9q  pire  q;dep  dcmCniA  jo  spnop  snoonu 


Ui 


Nils  anx 


««{  JO  mn^iuis  «  0)  10  '9xg.  pmbi^  jo  mrooo  ire  jo  9d9jins  pot^v^idv 
pov  pe!^v|npim  9i|^  iCq  pei^naiidid  eq  ppiOAi  qoiqj^  %'9^%  o%  poxiNimod 
eq  Xvin  ipiq^  ^WBJB9dd'B  pe|!V^oin  «  s:^ix9Baic[  %i  'V{2ii({  Ajauojum 
foa  ti  nfjnp  jv^oB  ei(^  jo  ^d  snoonimx  ®^^  'paquasap  ^snC  stods 
^zvp  eq^  JO  iC[|ii9piiad9pi[x — •••iboiii  pm  ■•inoiv  'Viov  'iSz 

*J99!^«i]x  9^^  no  ^q%  eiqwepnaoo  mou{%  jjua. 
'doi^ps  JO  ipmuq  mx^  o%  uov^jxo^'b  xpnm  CSgi  earns  p«K|0A9p  svq 
oqik  'oo^^iiLuso  '^K  P  99TpiodiBQi  oq!^  iC^qpsoj  nrasmoiieqd  om!^ 
e08q^  nooj^oq  sysncd  nocpenooo  imr  jeq^q^  jdAoaerp  O!^  99ai9!^in 
diqtuopisaoo  jo  'Qyu>j9Xdq:^  ^tpefqiis  B  si  ^j  'siveiC  no!^  i^noqn  os[« 
81  mmunnui  o^  uiuiuixviu  mo^  pire  uiuiuixviQ  o^  mnnnunn  moj^ 
poued  eeoqM.  noi^inniA  ioq^izii  o;  eiqtn  ^  aopwvA  ijisp  siq^  :^vq^ 
paiiniU9^p  aoeq  ospi  svq  :^i  ^nq  f  mis  oq;^  qi^iM.  Avm,  amos  m  pai^ooa 
"WBOO  eq  o:^  pesoddns  si  qoiqM  ^oc^niroA  iC|rep  «  o:^  (pefqns  si  not^tra 
-ipop  otYauSvin  eq^  jo  £\VBua%ui  eq^  i^vq^  iiMoaj[  J9iiox  neeq  svq  %i 

*aiaAjasqo 
joipo  £x{  penuguoo  naoq  aoms  svq  Xi^pipouad  siqx  'sisaX  u^i 
^noqv  JO  pouQMd  v  m  mninnznn  pnv  tmimixvm  jo  sosuqd  eq^ 
tlSnoiq;  ssed  ioq:^  ^vq;  %w{  ^pi^iieppoB  ^on  si  'si^ods  ivios  jO  Xonenboi^ 
m^  m  QopiiusA  siq:^  ^vq^  saopvAiesqo  s^aqQiiqag  'j^  mojg  atroddv 
%x  MO^  'Oiioqs  SI  esjaAai  eq^  senn:^  aeq;o  v^  pire  ee^  iCjeic^iia 
^onicpioos  JBcneq  iros  eqi  jo  eovpis  eqt^  'e|q«uBA  Xi9a  si  eoii^  eao 
%9  oiqisiA  s^odb  jo  jeqnroa  eq^  %vi^  pouoc^oein  iCpvaqv  naoq  svq  %i 
*iioi|«9i|seAiii  pK>nnonoi!)8«  jo  qoireiq  siq^  0(^  aoi^ippv  eiqsnpiA  emoo 
•onpoid  €%  ams  sbm  iC|snonin:|iioo  us  apmn  ipip  s^ons  eq;  jo  iopiuos 
y  'jnei  v  in  SiCup  a^vxsdes  oo£  uo  epvm  aia^  s^ods  eq^  jo  suor^ 
-VAjaeqo  'aduaAv  ira  no  ^vq;  si^pisai  sn{  mo^  ponoj  si  %i  pair  'adoos 
-e(a|  s^eqoikips  jq^  £<{  pe^oojgaoa  ^eq  ^noq^iM.  'aozuoq  eq^  eAoqv 
paneddB  i^aaraos  nos  eq;  sivaiC  J^V^^  <n)^  ^om  jo j  *aun:^  t^uesejd 
eq}  o;  pencn^iioD  naeq  OAvq  qoiqiui  ^qoyraesei  eseq^  no  paiei^ne  %9ij^ 
aquiiips  71  gz^i  nj— -•avM^o*  1*  Jo  ra«i»«AJMqo  -oSr 

'edoioAna  jq^os 
9q;  jo  0)Qan|psno9  snonnnni-inies  pnv  ^oinnxn|*uon  ^snouiiuux  eq; 
JO  i^i[tqpBtni  isee  eq;  jo  vepi  eq;  o;  pesoddo  ix^T^^^  'seopon  ospi 
faqouoQ  *f  'xig  sv  'si  'nopisinj;jossanneppnspe}[ivni  iCfdivqs  siq; 
'mypvpiuJd  ipi  JO  eonesqv  siqx  ^^iiipeni  snoesB^  jo  noi;n|ip  [9n;nnE 
9q;  JO  ;sini «  jo  iCvMii  to^iem  eq;  nvq; — 'smxg  e;ingep  jo  pAowei 
pnijvd  eq; — 'sfteA  jo  iViiiupq;iM.  OAisseoans  eq;  jo  (|nq;  ejom  si  „ 
^feipsie}{  '£  jng  seAjasqo  ^/peiCaAnoo  vepi  aqj;  n  *;iiejsddv  si  jaq;o 
eq;  o;ni  ano  jo  Jmm.'b  J9nipiij  propuiB  jo  ajTi;xinue;ni  on  esva  (^q; 
in  ;nq  i  jeq;o  eq;  nvq;  Je;qJ3i[  ano  'aJ9ni;g  jo  saonvnn  o^  exv  ejeq; 
voBwo  emos  nj  *epvqs  jo  aeil^p  nuojinn  iCpaejjed  v  jo  e9ni.g  puq 
-nmned  eq;  pire  'spiqq  2xeene;ni  en  6;ods  eqx  *Jaq;o  eq;  o;ni  eno 
/[pinpuS  %\9m  ^tm  op  pro  'pengep  iC|;ani!^6ip  era  s;ods  3[aiqq  pnv 
^Sknq  puqmnned  eq;  !^;  ^  8;ods  jv^os  eq;  jo  sjeptuvqo  J9nu[U!|9 

•iKONOHlSV  «^« 


pm  prajoAmn  ^boxjol  9t^  jo  duo  %'9x^  |eT{oexe£[  *f  iig  Xq  poAJOS 
-qo  Bi  (^x — 'fii^p  ^novfMip  ••JsHi  JO  XxvpmoK  '6^2 

'poonpojid 
91V  s^ods  9T^  jprqiL  Xq  Xanodv   pK>iBXqd    ^vf^   q^iM.  pe^donouo 

iCq  pdoi^on  iCpttoqv  seJdoLg  oq^  m  doirexveddv  pei^mptu  jlo  pa^vLqs  9q; 
noratiooo  eiq:^  no  p98rni)3oo9i  pqoaiojj^  *f  Jig  ^O'^sv  j  pmi  poodvQ 
^o  eeoq:^  mo^  le^ounnp  pueaad  Jneq^  m  i^oeddoi  Ajn  m  xapip  <^oa 
op  ennuSvip  eseqx  *«nopvA28eqo  ed«Q  mq  m  nxeq^  jo  sSomiup 
snouvA  VL9A]3  svq  pm  'ons  eq:^  aodn  ponraddv  9iizp  %vm  9«  qorqAi 
s^ode  eq^  peAjesqo  ^ZCgl  tn  'edo]^  poo{)  jo  edvQ  eq^  i^  'pqoaraQ 
T  ^S — •i6««1    "I  I«1IQ«»M  'f  am  JO   «II01»«AJM40  *8"^2 

nt  oioin  i[c\B  pair  'nuoj  Jieq;  m  X|pri;ii999e  pazajgrp  Xeq:^  asoiB  'i«H 
JO  q^i^z  9q^  no  p9AJ[9sqo  ii09q  pvq  qoiq^.  98oq^  Jo  89aTren9dds9i 
9i9m  9q!^  919^  s^ods  9B9q!^  %'BX!(^  aoc^isoddns  9q:^  9^9(91  j^ioiisvj 

V/O'^  Xq  ^,09  p9ntBn9i]i  qsiqAi 
^p9i99dd«  'g  *^'s  ^ode  9Si«t  J9q;oire  '(i|Siz)  ivp  9mB9  9q;^  HQ 

wi  9q!^  JO  9iiu|aiu^  9q^  o^  pogredmoo 
poodvQ  qoiqii  90inKre9ddti  9q^  Sot^iqnpre  pnv  ^9pnii  ^3Viq 
9q^  JO  91^099  9qt^  spjvj^o^  j3in&[9Ano9  *9\xa  10  09iiiAtu  8noaiam{ 
Xq  p9BX9A«j^  919^  e9pre  JSaiA[9q8  9qx  *n99e  X^irop  saaA  'spnop 
enomnmi  Xq  popimaimB  ^ods  srq^  jo  iioi;«iiuoj  jo  ssoooid  9qj^ 
*i9;9nraip  8^qv[B9  9X{%  B9mt\  { i  X|j«9q  J9;^tix  9q)  pm  *89inp  f  (  9Aoq« 
8ai9q29iiuoj  9q)^9|na  o6z'£i  pciii'f9iiai  zSVsz  jotq^9i  pni^av 
t^n999id9i  'uoi:(39roid  JLOj  dnpioip?  i^noq^iM.  ^qoiqjn  '^ot  inoqv 
J9aT9q  99eq  }[ivp  s^i  jo  J9;9annp  9q;^  ^I9!|9unnp  ^ogjvddv  m  ^^9 
p9ni8«9ni  pire  'jre|naip  Xp»a  soiA  t  dnoi8  9q;  jo  ^ods  J9iq9  oqx  '^ 

•01  pnB  '6  *8  *Z  ••^oi 
p9;v9Tpin  ore  89pT4ra)9inn  piw  bouoj  oeoqjn  pire  ''lAX  ®V^  *9  '^'^ 
p99n989id9i  st  aot^iBod  99oq^  s^ods  9q^  p9)iqiqz9  mis  9q^  jo  3[Bip  9r^ 
^^Sonuoni  9q)  oi  6  ;>TOd-jxBq  %'b  *9unf  jo  i^siz  oq^  uq  •eXsp  ^qi^e 
joj  9pii;Tni99ni  m  p9S«9i9in  iCi[p)np«ii9  qoiq^  ^^srp  9qi  jo  9]^ 
iu9!(flV9  9qt^  %'B  '9inif  JO  q:^£  i  oq^  no  oonvmddv  8)t  9p«ai  9pn^ia 
^Bvm  9iqtU9pi8ao9  jo  i^ode  m»u  «  ^noid  i9q:^o  9q|  jo  99ao  29fl89| 
oq;  JO  pu9A9s  pav  ^ods  oi^i^i  mq^  jo  99inuB9dd«9ip  9q:(  JE^W 

*J9!|;«|  9q:^  29A0  J9in^«og  U999  919^  epnop  snoarami  ptre 
'pguBA  Xp^m^suoo  9i9i&.  %[o:|!^oq  }[iiip  6^t  m  fp^AA  b«  'eopra  JSmApqs 
s^X  "noi^BuvA  fli^i  in  pidvi  iCipn99c[89  svm.  '^^oi^  Xq  ^^og  p9ine«9ni 
jjv^  'j9;9ni«ip  :^n9iBddit  9q^  jo  qi^zis  v  jo  '^5  sv  nns  oq^  jo  qnn( 
9q;  0!^  98op  OB  n9qjiA  n9A9  qoiqiM.  hr  dnoid  9q;^  jo  iiods  %89i^  9qj^ 
'Xvp  0%  iCep  mo^  opn^inidvnz  pn«  nuoj  OTdq;^  gJ^mnp  o;  p9Ai9Bqo 
9i9i^  B!|od9  9qt^  x\^  'Xvj^  JO  T^irz  9q:(  J3nip999on8  BiCvp  9q!|  nQ 

-90iij2nB  x^vf^  wmv^  9ApAi)  nvq)  9ioni  o| 
-pai^nnonni  XpAi!(99no9  floods  9j^  jjb  Xq  p9idno90  «9n  pr^o)  9q!^  pnv 
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•AX 


fif93V9  91(9  JO  oiMi^e  Mi;ae  oq^  lonxt^  0Ag  ireTi;^  wax  e[i^T[  o^jwoibo  ooucb 
V  paE0AOv»  T  dms2  9t^  jo  ^ods  ledpoud  9if)  ^iq:^  aredddv  i^i  0ni{x 

oootooof^%  »         •         «  «       «0j«inoiX 

ooo'cooiof    •••••••         Qdnojo 

OOOCOOtfV     -  •  -•  •  -  -  -  .QdlH'49.,     , 

oo(yooo*96v  .----•.g  dnoJO 
000*000^^  ,.-..,  txtdfl  j»n«iuf  *0)IKI 
ooo'ooo'8«6    .  •  •  .  •        )odfl  (•dpu|id  *v  dnojo 

— :  Siinonoj  8V  eq  o:^  pe^sfnopio  diOAi  'sdpra 
J^oiAidip  eq;  Smpnpm  ^'K  t  ox  :)»  '^^v^  jo  T!|^^rz  eq^  no  uns  eq^  no 
poAjeeqo  s^ods  jo  sdnoijd  pueAes  eq;^  jo  euoTsaoniTp  pippadns  uqx 

*nzB«qo  dq^  jo 
taJ9po  eq^  pm  eovjxns  s^i  nadA^aq  9&\m.  oooS  ^fiven  jo  domr^sip 
«  iiinA«e|  *e[oq  v  qons  q^noiq:^  ssed  (^q^ox  q^va  eq^  jo  eqoiJS  oq^ 
^'Bq)  og  *0eiim  oztL  i  jo  qi^pvaiq  ]vt49v  uv  o:^  spoodsauoo  qaiq^^ 
'^pf  BVM.  ^ode  ©q^  jo  ino;:^oq  3[0viq  eqt^  jo  q^pvdjq  ;uaxw[d«  9qx  ' 
•ogS'9Z  q^pvdjq  eq^  puB  *fion™  oo£*f  t  bhm.  qi8na|  eqj^ 
'om|  pmsu  eq^  o^  se^dtro  ^qiSu  9«  omqd  «  m  poraevdm  f  snopaodi^s 
9X92L  T  dnoi^  eq^  jo  ^ods  pdpnud  eq:^  jo  saoisaeonp  eq^ 

•S  piro  4  *£  'z  '^i^m  woj!)©!  eures  oq^ 
^q  pe^jnnn  s^ods  9q^  jo  nioi^isod  9q^  9ai3  '  i  '6ifxa  *a  'o  'a  *t  %i^fmi 
eqx  •sapn^nnJ^Bin  piw  enuoj  Ji9q;  ;n989id9J  'S  pnw  H'  *£  *z  'F^pire 
*Tl*T  oi  ^«  'iC«j\[  JO  q^-kz  9q^  uo  ims  9q;  jo  3[8ip  9q:^  no  paivaddv 
£q\^ OTO^odii 9q:>  jo 8fnoi;i9od  aq^ ojnaeojidai  i  '^'lAX  ^'^\c^  ^I 

'iCavinooti 
e^vioqvp  900m  oq^  q)ui  j^o)9S j  iCq  p9!(«9inx9p  ptre  p9AJ98qo  aj9^ 
qatqitt.  'padopAop  9J9^  p^ods  jo  noisnjiud  v  'gzgi  'aiiiif  pov  iCvjii 
HI — *9%%X  vf  JMo««««  JO  MniMmip  pm  raon'SAJMvqo  'L^z 

•satTui  £"H  9)a9eajdai  Xw  prnstA 
oq^  09  69|9iiv  ^qJ^  i^v  p9in8V9m  ^^i  i^vq)  doiAjasqb  ^q  paqfvaii^o 
oq  £xai  saoisaaaiip  pmpv  9qj;,  -nopooiip  qov9  m  ims  9q^  jo 
qan|  aq^  ino^  iCjpuo A9fl  6:^odfl  oqt^  jo  saoirei^flip  t(U9ndd'B  9q9  Bsaidzci 
99at{  |B9pj9A  puB  pK^HOZUoq  oq^  no  sioqmnn  9qx  "s^ods  pdpnud 
9q^  JO  Baoismamip  oq;  pov  ^  jo  nop^isod  oq;  89A]d  j^o^sv j 
•poodvQ  -jj  JO  98oq;  q;tM.  iCpnoomwodme^uoo  'joqapQ  pira  oaqma; 
-dag  ut  opura  snoiipiAJOsqo  raoij  •jV.X  ^'^^d  ^  n9AiJ8  9soq;  pa;99|as 
9A«q  9^  qoiqji  raag  ^npivip  jo  souas  «  paqetiqud  9q  qoiq^ 
JO  'QZgi  HI  paiBoddv  qoiqAL  a^oda  oq;  p9AJ98qo  ojj  *6igi  ra 
^pi»9  TO  firaoi;vAJ9Bqo  i«iu8  jo  osinoo  flfiq  p90U9nnnoo  jpo^TO^j  'id— 
•WZVt  vi  t»M««v«  *<ia  JO  Miifmwip  pm  monjVBAimwxo  '9'^z 

'poarauo^ap  aq  nvo  e^ods 
oq;  JO  9pTi;iii!9!ini  10  ixoi;TOod  oq;  qotqM  jCq  'gSniiiwp  eiq  uodn  jo 
fltiiomoin  Biq  in  2aq;i9  'soinTOam  i\n  aaAiJS  ;oa  roq  aq  !)iiq;  'jOAOAioq 
<pa;;aji^  aq  0;  n  ;x  •«ioi;BAjaBqo  eeaq;  a;i«;Bnni  KI^  ''AIX  ®*^d 
m  udAiJd  'pxMxlvQ  *j{  iCq  paAiasqo  e;ods  aq;  jo  sito^^jp  aqx 

•AWOKOHXSV  ^^ 


9\^  JO  jidnd  eq;  da|pimoun8  sui  eq^  jo  Mn^otu^s  w^  o\  99ndutt»  &^ 
X{ou{M.  ^%ods  9^}  JO  enapna  eq:^  spjre^o^  JSai&dAaosi  soSmq  eq^  no 
ja^^vm  8noanim[  /[wira^m  oiooi  jo  saidA  poAiaeqo  oflp  p»Dd«o 

*ji9)^«ai  enomnmi  snoasvi^  m  [pii  ra  pi^oc  jo 
«aop»OTpin  aiB  oi^q^ipirq^  sqaiq^  889[dq^eA9a  eq  f  mis  eq;  jo  Ska}fB03 
oqi  Bouoj  qotq^  oioqcbonx^  9q;  jo  mi4«q9  10129/01  oq;  jo  noi^aae 
9q^  99  enapna  3[jnip  oq^  Baipimoune  saving  pioia^oi  oq)  ^oipradajc 
m  pqoueg  '/^  iig  q^iM.  sinoaoa  laaodvjj  *p9iV9dd«8ip  puv 
dn  pan?  nous  %odM  9q;  qaiq^  oaiys  '%i  ssojov  ^^q^if  jo  pveiq;  rnip. 
V  .Aioxq^  o^  98  8n9pna  qurp  9q:^  ssoian  X{9^aidmo3  09  papna^xo  na^o 
qaiqii  'aiaqdsom^v  9noaniin{  jo  ;jo0  tr  Xq  paiaAoa  ^[t^aaivddv  doioq 
'paogap  JiiSuon^a  ssa^  aiaii  sadpa  aq^  seaaobid  ;vq^  JSnunp  :  qsraranp 
o;  si^ods  aq;  pire  t(9vi;aoa  o^  ireJSaq  sapre  aq^  naq^  paanr^cmiax 
^a  wml  ja^avxvqa  aoros  aq!^  ;tiqi  'la^a^Aioq  'pimoj  9ji  'ii^i  m 
^pqauajj  '£  jig  iq  paAjaeqo  oreSv  muL  qoiq^  lapmvqo  ti  '  oaq^ 
qava  o;in  jo  f^ods  pu^aaa  3[ivp  aq)  o^oi  8aSnu|  aq^  jo  iCvMV  Sarpctj 
^[pinpBiJd  aqi  jo  aopvoTpoi  iov  i^noqiiM.  'pangap  i[disqB  919m,  w^Spa 


9\\%  '^oiod  3[jvp  V  fiv  aumuvaddtr  ^sig  e^i  moj^  ^ods  aq;  jo  esvaoin 
aq^  JSoftiip  ^vq:^  paAiaequ  a|£     'paquosap  aAoqv  sia^ovivqa  aq; 
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•K-r  q  01  *9  -WO  -9  (l)  H-V  -ROl  *»  laO  "»  "ITT  "HOI  'IZ  1«J^  t 

it)  -K-V  -qoi  *5  TOO    S  H-V  -qoi  '68  HbS  "S  HT  IIOI '«  Aof  'l 

-9281  'laaodva  as  asAHasso  sxods  hyios 


^.9 


^^^  • 


""^4^#^-''^* 


^w^ 


^^^P?^ 


^---v>       -^, 


^^'%^ 


:;^^ 
S--^^  ' 


ife^i^  ' 


f'*<=^' 


"AIX 


fo  item  pesradooM  oq  Hdqii  '9231  ni  }[8Tp  8^nn«  eq^  no  padopAap 
tM9^  ipn{ii  s^ods  eq^  no  saot^vAiesqo  jo  souae  tr  epum  poodv^  'K  ' 
*iio)J8iiui«Q  'iji  pm  'iiinsaQ  jo  ^tuiqog  *p|  'leqoaieQ  nqof 
^S  '(^»P0  »V  ^)  VORnwJ  JO  'jpo^^  -Id  '80id«^  jo  •iDooduo  K 
mxfosm  ImoL  Oin  '0oiioyre98oi  pm  tuopvAiesqo  jpif^  ^q  8iioi;nqii|ao» 
imi^iodan  i)8oni  epvm  OAvq  oqM.  pm  fpefqiifl  siq^  o:^  aoi^ooii^ti 
pm   omt^    qonoi  po^OAop  OAvq  oqi^  ei9mono£}fi«  snoienma  oqi 

*s8aoz  nqnovm  oioq^^noe 
oq^  yS  j  '^cf  cT  pm  'oioq^^ioa  eq:^  '^ti  u'jmm  pm  'J099ab9  s^nns  eq^ 
fi^ii089idai  t>  X  aieqAL  '£S  *^  m  po^uoBOidei  91  ev  qons  svii  uoc^uod 
aiaq^  ^nanddti  ennoeq  s^ods  jo  jaqnnin  eSitq  «  neq^  'Z£gi  }o 
jiioiaiitSaq  eq^  pm  9£g  i  jo  %3xA  ^^^^l  eq^  ox  'qdoivzd  loj  'snqx 

nmemoaeqd  qons  jo  po^Aip  ^[a^njoaqti  aiv  'senoz 
Jipiawin  oq^  sdi^nredoe  snq;  qoiqiiA  oovds  siq:^  pm  jqes^i  lo^nbe  eqx 
*qfpsdiq  m  eeoiifop  pu9Ae8  oanids  v  iq  ^^imog  po)si«da8  'lo^vnbo  i«|oi 
9T\j^  o^  ]e[[«jnid  seuoz  pvoiq  ^[eiiuepoai  om!^  a|.  pengaoa  ^iq^uvAin 
on  ^eqx  *Qn9  eq^  nodn  nopisod  Jieq:^  si  tiaeinoiioqd  9|q«]{iiiTa 
-«i  909q!^  poo:^^  O!^  pTW  eq  mo  qon{i)i  ii4UV[n^ac  jo  eom^oinoip 
Ji\uo  eqx — *««nos  i^ipunHl  oju  vf  XitmoiioJ  iniA»ji«  *^z 

*soao  ii^ms  jo  leqmna  ^veiS  v  o^in 
efqnnud  o|  Xpieppns  poAJoeqo  nooq  sempamofl  seq  t^ods  oSj«|  y 

*BpcB  fl;i  nodn  nns  oq^  jo  snoi^njOA 
-oi  o;e|dmoo  ooiq^  iCfiven  j^nunp  jo  'n[d9ii.  no!)  20  onni  joj  noi^isod 
pm  donmaddv  iieq^  panre^npnn  OAvq  omos  8(1^'^  'ainoq  moj 
-X^noM^  nvq:^  9Bd|  m  peqsnniA  pm  pMveddv  evq  ^ods  y  *noi)«uvA 
jm^nitoin  pns  i^vaiS  q%  ^oefqns  ospi  si  t^ods  qovd  jo  not^^mp  eqx 

*)3v^noo  ni 
J9ineq  eeSnig  jo  ouqamned  eq^  'sdnoid  ni  pe^jiirom  eq  {{ial  ^eq^ 
Bdon^uios  i  lue^xe  i^a  jo  xoeddv  niM.  s^ods  pmpiAipni  semt^emos 
i  snoxenxnn  i^nq  'xpmiB  eq  wua.  e^ods  eq;  eenn^emog  'noisnjoid  in 
^i  JO  8|i«d  mvijeo  leAo  pneids  eq  |^  iCeq^  seuipenioe  isq^nom 
JO  9][eeii  JOJ  09  enm^noo  |[iaa  pnv  'meq;  jo  pei^seAtp  ipi^eidnioo  eq 
IfUA  3[STp  eq;  eenn^emog  *JBp:iJ9exii  pnv  e^qvuDA  q;oq  bi  i[9ip 
8.0118  eq^  no  floods  jo  eonepiAaid  eqx — *9iq«RVA  nods  *£f  z 
*iiiM  eqi  JO  eovjjng  pueneji  eq;  utiq;  ^nBi^uq  99e|  i{q«i9dniooni  eiv 
£»j{\  ;vq;  ;nq  ^q^if  jo  e^n^psep  eiv  ieq;  ;iiq;  ;on  '91  'neq;  '9;od9 
eq^  ^tpedsdj  peuejni  jC|9;«un;iJ9e{  eq  nvo  ;«q;  |{y  *;q^  8^nn9 
eq^  JO  jnopne|d9  jouedns  iCie^nxi^ni  eq;  o;  pequose  eq  ;9nni  qoiqi^ 
;depe  n»  f  9eA|eBnieq;  9;od9  eq;  sv  ][i8p  sh  JBedds  '}[sip  9^nn9  eq; 
no  pepefojd  iiee«  neqii  'edid-MO^q  punodmoo  eq;  jo  uoT;a«  eq;  o; 
peeodxd  ennppmb  jo  eoeid  tr  jo  ;vq;  911  'ejdnnixe  joj  'qons  ^peonpojd 
eq  nso  qoiqiUL  t;qft[  p>p9I!^v  e9ne;ni  ;90in  eq;  joj  ^qi^  jo  peAudep 
iCiproj  seovjjira  ejv  g;od9  eq;  jo  nopjod  3[9Viq  eq;  ;«q;  ^nnnnBSB 
01  pe;inHU«ii  ;on  en  e^ — *3P«ra  04  «•■  <^vai  nods  'zf  z 
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ffmaoB  'snomiimi  wSoidq  eno  louodns  9Xf^  *jb9i^  9X{^  eAoqv  peoiqd  000 
*jpns  OM%  JO  8one!}sp[8  9i|^  ^oa  jo  9pg^  snoestiS  9^^  m  eq  v^ms  9nm 
jei{Y9qii  'fl^ndAO  ]]«  v^  i  p9ApAe  on  qsoq  pw  ^11%  qoiqji  tn  9iio|;« 
%m^  Smaq  oaoiouedns  ei{^  puv  ^oiinnn|-iiun  'umo  jmo  e3[i|  'Jdmaq 
ntui  oq^  ^Z9ii  81  qaiqii  i^vq^  ^saroqdsonciv  qm)  ^sve^  ^  1|^im.  po^soAiii 
et  'one  9i\^  jo  eqofS  10  'Bnspnn  onlrado  pt|oe  eq^  <!^«q^  ^qnop 
JO  %uapB  i3%  I^eoraos  traoddv  qorqii  ^qou9H  'M.  IS  A  pooosApv 
Hiot^reoddns  eq;  o;  pe{  svq  ^od«  oq:^  jo  sadpe  puqaminKl  oq;  jo 
ddireivoddt)  oq^  q^pi  pomqnxoo  ^d«|  siqx  '^pvfq  jvaddv  0^  8V  nns 
oq;  JO  ootids  fueneJi  eqi^  mq;  siioainm[  ssef  qdnni  oe  uosixwdiiioo 
iCq  JO  *%T{Siv[  JO  e^i^i^sepifpr^o!!  eoiE^infl  «  joq^ie  «t  ^ods  eq^jo  no^jod 
3[J1ip  oq;  Sfxxi^Tv^v\Baoo  !^vd  eq;  ;vq;  ;o9j  eq;  iq  peonpojd  n  fleeiD[3eiq 
;nQj«dd«  eq^  ;«q;  pov  f  taoc^AVOze  eiv  iros  eq;  uo  9;od8  eq^  %vm 
^AOjd  m  neq;  pajepisnoo  eq  ivm  ;x — •raoofami-aoii  jm^^  #11% 
pm  movianii  •no  *— Aoiid— ib>b  oju  ^4  potaoAsi  ms  •  ijrz 

'o&epim  p[no^  eov^B  jvps  eq;  no  qo;«d  i[J9p  tr  s« 
qons  [jv  ;il  ;oa  pov  'aoi;«A'BOxe  ire  £({  peanpojd  eq  ppioiii  m  qons 
iC[;ovxe  ojb  'ej;neo  sjms  eq;  o;  pJvBej  q;tAL  Biioi;i8od  pov  9eoizB;Brp 
Jieq;  J9ui8u«qo  'mis  eq;  jo  i[oi;«;oj  9t^  Xq  pnnoi  peuiro  ejn  Xeq^  sv 
'o&eprni  8;od8  eq^  qoiq^eemueeddv  jo  enopvusA  eq;  j^v  Voqs  ^ 

•q;pTOjqnnjnt 
Jo  BiroddB  %oi8iA  JO  emx  eq;  o;  jopioipoedied  i|ji>en  iSannooeq  xma 
6q;  JO  e^  eq;  ;zea  epra  J^inApqs  eq;  jo  eovpns  eq;  efiqA  'e|qi8iA 
0q  o;  eesveo  pnv  'q;puejq  ;nej«ddv  ni  eeqeinninp  'iC|j«ea  XidA  jo 
noisiA  JO  eiqi  eq;  jp  nopeejip  eq;  JSm^v;  os[b  epn  JdoiApqs  Jeaar 
eq;  jo  eovjms  eqx  ''AieiA  mojj  Je;!nq  oq;  pieanoo  o;  9v  os  'iioi:^ 
««A«oze  eq;  jo  mo;;oq  eq;  pm  eiCe  eq;  iieei(L;eq  peeodj9;ai  si  epis 
jemn  «q;  jo  ;q^ieq  eq;  Ws  eq;.  jo  edpe  eq;  pjVMo;  peiuvo  si  ;od8 
eq;  sy  *Tno;;oq  ^jvp  6;i  o;  nMop  J^do|8  HiopvAVoze  eq;  jo  sepv 
eq;  jo  SniAfeqs  eq;  iCq  peonpojd  si  oSmq  i«iqnmaed  eqx  naopvA 
-voze  ire  ejoin  ;ods  eq;  ji  jnooo  ppo^  %m{M  X|;ovze  si  siq;  '^o^ 
'e^ofg  f«jqixmned  pnud;xe  eq;  si  e^qisiA  si  tjsif;  ;j«d  Xpio  eq;  'one 
eq;  jo  e^pe  eq;  seqovojddv  ;ods  eq;  neqAL  ;vq;  09  'q;p«ejq  ^nejc 
-sddv  m  sesvejoin  ;od9  eq;  jo  epi8;iio  eq;  no  eJ^nuj  ^qnmaed  eq). 
e^iqAi  'ejqisiAin  semooeq  ;o^  eq;  jo  epism  eq;  no  e^niij  puqnmned 
eq;  ^SJveddvsip  ifprnpsJ^  qo;vd  3[3viq  eq;  'qnn|  s^imseq;  jo  epi9 
eq;  pre4io;  soAoni  ;ods  eq;  sv  ;sq;  pn^  OiH  ;ng  "piAO  ire  o;ni 
pene;joqseJOj  si  i|enbi|qo  nees  epjp  «  sv  qonmsBni  'ip;«d  jvpioip 
«  ejeji  ;od8  eq;  ji  neAe  'pepedze  eq  ppoM  ;trqi)i  b^  'joAe^ioq 
'siqx  ISAO  ire  semooeq  ejojio  eq;  ;sq;  '^si^  'pn^  qm.  'oSiipQ  oq; 
piHMo;  peujiK)  61  ;i  'mis  eq;  jo  qoi;s^oj  eq;  Xq  'neqiVL  'eomuved 
«-d«  JO  seSfnvqo  8;i  qo;t>^  pire  'epjp  «  jo  ;9q;  sv  qons  'nuoj  e;ra 
vgep  emos  J^mAsq  *jpvp  s^mis  eq;  jo  ej;neo  eq;  ;v  si  qoiqiUL  ;od8  « 
ipeies  9M,  jx  :8noi;«Aje8qo  J^nmonoj  eq;  iCq  poAOjd  st  'edvjJiis  eq; 
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SQOiininix  JO  gwanoiq^  nra^joo  v  jo  ^oi^mx) «  j^ul  pox9Aoo  ^o^d 
SDoinanix-QOii  ptfoe  «  01  nns  eq^  9in{^  peuniBev  n  %i  ei99i{)odXq 
i99)V[  eiq^  nj  'xms  eq^  jo  snepnn  snomrnni-aon  pi^ofl  eqi  Jo  ^led 
ti  Sinoq  t^ods  eqi^  jo  ^jnd  i[i«p  eq:^  'ims  eq:^  s^voo  qoiqii  je^mn 
fBoanani  eq^  m  8iiop«A«oz9  eq  o:^  meq:^  seeoddns  leq^o  eqx  *iin8 
oq^  JO  eooyms  |«29iz»9  eq:^  no  J^opivo^  'je^^vm  e^qpenqmoonr  jo 
tepiof  ^ivp  20  'oraoos  eq  o^  maq^  seeoddns  eixQ  *8)od8  eq;^  imqdze 
0|  pe9odoid  nooq  e^vq  enoii^ieoddiifl  'om^  Xpio  pov  'oiix  —  *«om 
-«B«  SciiMi  MO  JO  otwts  |v6|sXqd— *«90tfs  •!!»  JO  oonwo  'Of  Z 

•moq  ns  seina  z> 
Xjnoii  u^  ^aex«Amba  X^iooxoa  v  ^ra^ua  0001  neeq  eAvq  t^mm  sedpe 
0)1  ^oraodaioo  Jd;^irai  9T{%  jo  nopom  ^irap  eteoAti  eq^  'Xpnanb 
-esaoo  pen  ^^na  oZg'6£  nooq  ot^vq  ^snm  ^ods  tr  qons  jo  saora 
-nannp  i«9ii|{  pnqos  eq^  '-^^N  'v^vp  of  t^noqv  m  osop  o;^  i9iCtrp( 
Xq  poAjaeqo  8va  '^/)6  sva  qopfiti  jo  q^proiq  ^aejvddv  eq;  ^ods  y 
nmomioaa  eq  o^  ponoj  eesvo  emos  en  aeeq  svq  ^ods  eq^  jo  noi^nn 
•nnip  10  esveioin  pmpwS  eq;  JSounp  ^Aom  Xfpiaoisvoeo  R^ods  eq:^ 
|o  tedpe  eq^  )«  ae^^vm  snoanmii  ^^^  qoiqii  qt^pi  iC'^ioo^eA  eqx 

'peAieoaoe  ^{isire 
eq  Xvm  idoooo  Xeq^  tuoiJdei  eq^  jo  epnt^radvm  snopnednt^s  eqi^  ',z 
pepeeoze  aAvq  qoiqiti  jo  q^pBeiq  poo  q()^ne[  ;nei«dd«  eqt^  'poAjes 
-qo  Xpnenbejj  neeq  eAvq  t^ods  %'9J\%  pov  ^{im  o^S^gz  Bemesam 
X\pni)9«  'e^mnoi «  Xpio  si  qeiqii  jo  x^^pveiq  i^naivddv  eq^  'sfeip  s^nns 
eq)  oodn  eovdb  «  ^vq;  peoepisaoo  8i  ^i  neq^  *Jl^l  ^^^  ^q^  P  V^ 
eqi  JO  snoifaennp  eq^  o^  e^vooi^judQid  epiee  u  no  ejra  'eraeioep  pnv 
esieiain  Xeq;)  sv  'eeAOin  seSinjg  pm  se^  Jieq)  ^insodinoD  jentna 
eqi  qoiqii  q^ui  eet^popA  eq:)  pin  '«)od8  eq:)  jo  epi^radvm  eqx 

*sq:)aoni  loj  neAe  pm  9J{99m.  joj 
pe)0«|  eAvq  sieq^o  9\p\M.  'X|pid«i  XiaA  jreeddvnp  pov  iveddv  s^ods 
emof;  *snou«A  XieA  n  'eomueeddneTp  ping  pov  ^aopmnmip  ^nenb 
-oeqQfl  '^oeme&reiaa  pinpBid  9^  *%oda  eq)  jo  noi^vnuoj  eq^  oee^^ 
-eq  seedtqe  qeiqii  poued  eqx  *ieq)e^pi  uveddwip  X^ping  pmi 
'^mod  eieiD  tr  o)  ^stg.  eeipouip  ^i  'qo:)Bd  3(i«p  eq^  nodn  m  2maop 
eepra  t)qJ9Liq  eq)  'qiSize|  ^«  |i^iin  'X^pnipoid  no  9do2  iioc)nniiizip 
9^  pov  i  qeiuimip  0%  'Xnu!)noo  eq;  no  'eniSeq  noos  pov  'emeioin  o) 
fleneo  i?  oeqii  ^epn^ia^foai  jo  %im\  e^iogep  emos  jwi^'b  ;i  |C)Tm  'ezu 
m  X[fmpwJ9  J9insB0£>ni  ^sxg  ;«  f  epn;ni)3vai  pm  nuoj  ff)i  in  edcreqo 
pmpwJ9  tt  o&epim  0;  pimoj  ei  ;i  'emt)  eiqtuepunoo  «  loj  peq»)ttAL 
Qeq^  *eJ3aiJ9  puqomned  v  q)tAL  peSpe  X|ptiaaaJ3  'qo;«d  pedirqs 
XptqiiSexn  Jp9[({  Xfesoe^in  mi  jo  i)«q!)  eq  o;  eomuneddB  9^  leAoonp 
Oil  'iiot!)8inmexe  eidooeefe!)  o;  !)od8  jre[oe  v  !)imqns  oal  neq^ 

'me^eXs  jno  jo  ;«eq  pov  ;q%  jo  nnr)mioj 
vommoo  eq;  pmi  m>i!)e«i!);«  jo  e£)iEe9  eq)  jo  m)i!)im)8aoo  [voisXqd 
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oip  JO  Q)3pe{Moa3[  emos  o:^  p9|  iCiprnpuxB  tvq  9BQj^  jo  nor^iiuiiuvza 
9f^  pm  i  was  oq^  nodn  floods  oq^  jo  XieAoosip  oq^  evM.  edooeoip^ 
oq^  JO  ooii^aeAxn  9q>  jo  fl^nug  ^n'^  •H^  J^  •"O  ""  ••••*•  '6f « 

^soAi  mag  'Xro  o|  n  ^q:^  'nns  aq^  pnnoi  s^emid  eqi  jo  nopom  aq^ 
89  nocponp  enim  eq^  m  n  nopw^oi  jo  noi^oni  oq^  pm  ^iqio  a^qiinn 
oq^  JO  oire|d  eq^  o^  jrex^ioipnadjed  Xpiaii  Xioa  n  sdAfOAoi  miB  aq) 
qan{AL  no  spcv  oqx  *aXa  aq^  o^  aoinusaddv  ivpiaip  aq^  ^oaeaid 
9£xM.j9  ppioiti  'ooc^v^oyi  JO  Qopoox  9  q^iiki  99A]0Aax  91  ajiqjA  'ipiq^ 
Xpoq  Ajuo  aq^  n  aqo|8  tr  aoois  'pyi^nop  jaSaof  on  aniviiiax  w{o^ 
«  81  !^i  t^vq^  pm  'sixe  8:^1  nodn  nns  aq:^  jo  noi^v^oi  jo  ann^  aq| 
'naq^  %i  qong  'mgf  qZ  pS  z  Xpovza  aiom  Jo  'la^jnrnb  tr  pan  sXvp 
aA9-X!^nait4  ^noqv  *zia  'annro  aq^  iC|!p«xa  aq  c%  pnnoj  an  8i[jvai 
asaq!^  [jv  loj  noc^v^  jo  8pouddaq^  ^vq^  ^ovj  aq^  Xq  paAOid  iCpovp 
-nnqv  8t  'a8«o  aq^  8I  nqi  V^U  *%]  in>dn  83[J8ni  aaaq;^  J^niXma 
pnv  *9m  m  no  JSntAfUAadt  J[a8;i  aqo^^  aq;^  'aqox^  «  jo  eovjxns 
aq^  no  83[nnx  iq  paonpozd  aq  X]^uapiAa  p[noAL  qoiq^.  900^  n« 
*¥  ^IHX  *^PIP  ^f^'^  ®^  ^^^  ^"^  9iom  aano  08  pnv  ^n  xaq^  aqi 
uo  ni«^  MaiA  o;ni  amoo  'ann|  nn^jaa  tr  joj  aiqi8iAn|  aq  o^  onnp 
^noo  pnv  'joaddiraip  Xaqx  'oaq^o  aq^  0^  xma  aq!(  jo  apra  ano  mojg 
XlivpiJSax  OAom  'laq^o  qova  O!^  ipadsai  q^ta  nopiaod  OAi^viai  enras 
aq;  aAxasaid  Xaq:^  ^nq*'^  ^qjvm  aaaq:^  i^vq;  aAiaaqo  a^  'iCpnaa 
-aid  i|pij  aiom  }[8ad8  {[vqe  aji  qoiqa  jo  '8:^od8  jo  83[iinn  ni«|J00 
^i  nodn  laAOoarp  qm.  'waa  aqi^  o:^  papaxip  8I  adooaap!^ « ii^qM. 

'ivpiaip 
sxvaddB  aXsMpi  %i  ^m^  ^sm^  aiam  aq^  nvq^  XivaBaoan  8i  aiom  J^niqi 
-amoa  'jnqnqo|J9  si  Xpoq  v  ^q:^  'naq!^  'oAOid  ox  'aiaqds  jo  aqo^  ti 
88  ipM  8v  aanwreaddv  JVfnojp  8  aXa  aq:^  o;  ^naeaid  i^q%n  W>t| 
-om  Jiaq^  jo  i^namaJSnvxiv  jvpioi^isd  tr  ^q  'qoiqa  anuoj  jaq^  jo 
X^auvA  %'9wiS  tr  aj8  aiaq^  paapm  pnv  f  nns  aqi  p  nuoj  aq^  aq 
%j^ina  'q)j89  aq:^  o;  pa^naaaid  aq  sXvapi  ppioqs  qoiq^i  jo  aovj  eq^ 
'ja^r^vm  jo  Tfsrp  jvpiaip  !^8g  «  %'bx^  'aiqvqoidnn  'laAa^ioq  'afqiBsod 
iCpjvq  81  %i  'jvpiojio  8X8i)ip>  81  nna  aq;  jo  3[8ip  aq;  ;»q;  ^oi^  aiom 
aq;  nsq;  qio  J8|08  aq;  jo  iC^iouaqda  aq;  jo  joojd  aAianpnoo  aiom 
pn^  ppioqs  9M.  ;8q;  pnvmap  aorai^qd  jo  noi;«9i;8aAni  aq;  ni  pona 
-jnd  8poq;ani  ;o8X8  ajom  aq;  ;ai  'nuoj  8;i  ni  JvpiqofB  at  nna  aq; 
;«q;  'noi;8j;8noniap  jaq!)jnj  ;noq;LAi  ^napiAd  i];nap|gn8  ivadchi 
;qJ3ini  ;i  'qaiaaaai  09i;n8i38  jo  jno^  aq;  o;  pamo^isnoovnn  apnrai 
o;  qJ8noq;{y  —  •oof^ti^fM  jo  «fxv  —  uon'^o*  pm  iiuof  *g£z 

*8noi8 
-nannp  jajpinis  o;ni  dnTsdvno^  ;noq;LAi  ^noi!)8;iA«x9  oi8nu;ni  a^i 
o;  anp  ajnaaajd  a^qvAiaonooni  ;8oni[8  aq;  J9ni;8i8aj  jo  0[q8d8a 
paiapnai  pna  'paojojmaj  8I  X;pi;8V[a  8;i  qoiqii  iq  'jou9;ni  8|i 
m  8[;8Aajd  ;8aq  a8na;ni  na  ;8q;  X;t[iq«qoid  aq;  Bjajni  pqoarag 
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*|i  duisodoioo  j&\yBm  91^  JO  eseo^q^  eApuvdmoo  qt^  moj^ 

*(lg)  09ii9aiuedz9  mnpip 
-oad  ao^jvu  ®TI  ^o^  pourejqo  s«  'ZS.9  q^JW  QJ^p  ii^isnep  qtoqi 
9ip.  .Smsn  ^9. 1  o^  pesvaiain  oq  p|no2i  en^VA  eiqx  'Jt^^tiAi.  J^  %'bx{% 
ovq^  ie)S9iJ3  <ji«q  eno  ^noqti  jo  'somi;  zf.i  si  uns  exj^  jo  iijrauep 
uvdoi  eqtj  ^Bq?  8m.O||oj  ^t  '(og)  I9;iwi  jo  :j«q!^  091111;  Z9.S  si  nop^ 
Hraiuua^dp  s/[reQ  -jpj  in0.y  q^jva  oq:^  jo  iC^isizap  mom  oq^  oonig 

*q)jii9  9q^  uvcp. 
JO^qJSif  Sdon^  moj  si  uns  oq^  'ojojojeip  '^[P^  ^oj  ^ff  'jarajoj 
eq^  osq^  88e[  sacai;  moj  £aiaq  op«i  J9;!^«[  eq:^  'i  0%  ooo'Sl£ 
JO  opvi  i968e[  eq^  ui  ipiro  oq;  jo  :;«q;  speeaxa  essm  JO  ;q^9^ 
«H  *!  0;  cxJo'zSr'l  JO  opul  oq;  in  q^jreo  oq;  jo  ;«q;  speooxo  uns 
®*R  JO  oam^OA  oq;  qJ^oq;pi  joj  f  q;jBO  oq;  j^oisodmoo  io;;tnn 
oq^  JO  ^isnop  treom  oq;  ireq;  ssoj  soioi;  moj  ;iioqti  oq  ;6nm  ans 
9T^  JSaisodmoa  jo;;tnn  oq;  jo  i[;]Siiop  irooiii  oq;  ;'Bq;  ;nopiAO  oq 
XfiAk  ;i  'sonnifOA.  eAi;sx^  iioq;  q;i^  q;ji)o  pnB  nns  oq;  in  iO!^«ia 
etqviopood  jo  80i;i;innib  oq;  jo  nof|jodojd  siq;  JSaurKltDoo  ig 

•I  o; 
ooo'S  I  £  oq  0;  poiii«!)ioos8  nooq  ssq  'qajso  oq;  Soisodmoo  io;;«in  jo 
8«sia  oq;  o;  'ims  oq;  jo  oqo|J3  oq;  JSmsodmoo  Jo;;ma  jo  sssin  oq; 
JO  opu  oq;  'jo;j«oioq  pooividzo  oq  nyA,  qotqM  *aoi;«AJ06qo  pire 
iiot;«pi9[«o   JO    spoq;oin  ig — "iC^iraap  pm  wwmm  wix  -Hz 

•m&piJis  oq;  jo  soipoq  oq;  jo  i^soi  oq;  n«  Jo  ^q 
Q^vS9i22v  oq;  nsq;  id^soiS  somi;  pojpanq  0A9  si  nns  oq;  jo  3Qnq 
oq;  ^spioin  joipo  m  f  nns  oq;  jo  oqo|J3  oq;  jo  (jjred  q;pojpnnq-oA9 
eq;  poooxo  ;on  ni^s  ppioii  oqo|J9  ;iiq;  'oqo^S  0|Jdni8  «  o;ni  pop[noui 
o^dji  mo^B^B  Jiqos  oq;  ni  so;in9;vs  pire  s;oiniid  oq;  j[«  ji  ;tiq; 
'8;dniqd  ;n9iojgip  oq;  jo  S3[inq  oq;  jgnuopisnoo  A({  <pnnoj  si  ;x 

•©no 
o;^  qV^  ^^%  ^^  ooqo|d  pnvsnoq;  poipnnq  noo;jiq;  i^ison  f^oi 
o;  Xnssooon  oq  ppioin  ;i  nns  oq;  03[q  oqo|^  «  nuoj  o;  'snqj^ 

*q!)JBO  oq;  jo  osoq;  nvq;  iq%9Qj2  'sonn;  ooo'zSz'l  oinn|OA  s;i 
pun  ^mi;  029*1 1  oq  ;snni  nns  oq;  jo  oovjins  oq;  ;9q;  s^o^oj  ;i 
*8ia;oimip  Jioq;  jo  ^Boqito  oq;  m  soinn|OA  Jioq;  pnB  'sojsnbs  oq;  sv 
oxv  soqo|^  JO  soot^ms  oq;  oomg — -•amiOA  pm  ooivxiis  'g£z 

ims  [9n;a«  oq;  jo  ao;onmp  oq;  j[vq  nvq;  oiom  o|;;q  Jo;onitiip 
^nojvddv  in  oAvq  p[noM  'q;jreo  oq;  inoi|  noos  'nns  b  qong  -social 
ooo'ooz  X^jvon  jo  oonB;sip  «  soovjjns  Jioq;  noe<^;oq  J3inAtiO|  *nns 
[vq;ob  oq;  niq;p&.  pooiqd  oq  ;q^iin  nns  b  qons  'nns  b  ^q  po{[9  oioii 
'ja;oaiBip  m  sojiin  ooo'gZi^  somsBom  qoiqii  'noom  oq;  jo  ;iqjo 
eq;  jx  '2o;oniBip  in  qoni  ire  oqo|J9  b  iq  po;no60jdoJi  oq  p^noii  q;jBO 
oq;  '2o;oiinnp  nisoqoni  moj  ;ooj  onin  oqo^B  b  iCq  po;nosojdoi  oq  nns 
eq;  jj  *je!^niBip  in  so|ini  ooog  iCjjBon  oqo^^  b  si  jios;i  ipiBo  oqx 

'moq;  q;iM  pojBdmoo  noq<^  o;nniin  ;oX 
S(0pii;nx8«in  Xnnnpjo  1[b  q;iAi  nosuBdmoo  Xq  8nopaedn;s  'pjBpnB;s 
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•mos  ipiii  m&x^  eivdmoo  o^  ^  ai9T{;  jo  vopi  o^vnLeptt  oyiiob. 

JOAdMoq  'aoi^daoaoj  tr  uuoj  o^  Xresseoea  ojra  'J9(npa«)iuapnii  9q^ 
JO  9J0ga  einofl  pire  'aopvm^Bmi  jo  qo)9J^  eraos  i>«qi  'ivrxrarej  si 
punn  aip  qaiq^  iji^ia  spivpinns  j^f  puaosmu:^  jrej  os  una  aip  jo  ^vq^ 
sv  ipns  B8pn^iuJ9ep{  —  •po^vj^vnin  vas  010 jo  opn^iuSviK  'Sf  s 
"■o^na  £ft  8t  'ime  oq^  jo  oocre^sip  eq;  !>»  ^^i  jo  enpiA  JBem^  oqjQ 

'q^iva  oq^ 
JO  J9:(9nivip  QT[%  soizn^  {Zoi  20  ^^nn  006 'z  5  g  si  epn^n^Smn  eq^ 
%'9X{%  pvnoj  aaaq  esq  %i  *9u^  ireq;  noi;vmncoidd«  logop  jo  eiqpdoa 
-ens  uop«{noi«o  jo  spoq^am  Aq  *6a[nn  000*1  fg  noi^isoddna* 
srq^  ao  aq  'aiojajaq;  ';snta  %i  -noom  aq^  jo  :^«q^  treq^  la^vaj^ 
samp  f  g£  aq  ^snoi  mis  aq)  jo  ja;aai«ip  pidx  aq)  )tiq)  smojioj  )i 
^oom  aq)  jo  )«q)  ireq)  ia)«8iJ9  saini)  f  g£  ^aiaq  mis  aq)  jo  9oa«)9ip 
aq)  piro  *mi8  aij)  jo  ^ttq)  o)  sioqmna  pmioi  m  [vnba  ^maq  mx>az 
aq)  jo  jia)am«ip  ^naisdds  eqx  *noom  aq)  jo  )«q)  mojg  siaqoroa 
pmioi  m  pauajm  i^sBa  aq  iCvm  mis  eq^  jo  apn)iTi]9sm  prai  aqx 

'Z.y/'^^^l  ajojaiaq)  si  Jd)am«ip  )adJt9dd«  usam  s)X  V/^^8< 
JO  '^^z£  ^i  £  SI  'aoi|aqdti  ni  aaqii  'apii)iiiJ3tiui  )aai9dd«  )S«9X  6)i  pmt 
''►v/9^6i  JO  'fv/9^  /^^  81  'noijaquad  ui  naqji  'ja)aiinnp  ^najsddv 
)Ba)«ajd  s)j  *apn)pi^ai  ^aajsdd's  s)i  m  nupvuvA  JSmpnodsajiou 
9  'pacmqdxa  iCpvajni  jiaaq  svq  sv  'sastrao  qotq^  'iiopvuBA  ^ipo 
-uad  V  0)  )Udrqn8  si  mis  aq)  jo  80iro)6ip  aq)  ')iqJO  s^q)JVd  aq)  jo  i)p 
-i)di^a  aq)  o)  ^iiiiiQ — •dpn^faJvoi  ib^ji  pm  taojvtfdv  "k^z 
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aq)  asija)ovjvqo  qon^ii  snqso  asoq)  jo  aoaaisAajd  aq)  sasuv  aooa^ 
*a3J0j  s^aq)o  qava  ioi)sap  ptra  ^&m[  aq)  )«  jaq)0  qova  Jd)miooiza 
sa^od  OM)  aq)  mojg  pa)oaJip  s)i[auno  aq)  'siq)  sapisaq  ')Tiq  :  p^9 
ipij  aspi)  o)  paitiOf]*  sipaquosap  OAuqv  q)jva  aq)  jo  aajoj  ^msipnibQ 
oq)  ^i  JO  saai^p  iCnvm  inq)ta  aiquapisnoaoi  XiaA  pm  *am[  aq^ 
jsau  )iiaasainiAa  ^maq  eooajajgip  siq)  puv  i  apii)i)B[  jo  spipuvd  aq). 
JO  apti)ni^m  aq)  jo  aaoajajgip  aq)  ^maq  asnvo  ^m)pza  Jiaq)  f  aoaoj 
Jiaq)  aso^  ixpmpwJd  pmm  'jaq)0  oq)  pore  apis  ano  aq)  no  J0)tinl>9 
aq)  qoTOjddv  ioq)  sv  's)najJiio  asaq)  )tiq)  *ajojajaq)  'sisaddv  )x 

*)i  aodn  )iiaqmiu)ai  iC[a)vipamiiii  ajaqdsom)«  aq)  jaAo 
q)jsa  aq)  jo  Xio)uia)  jo  )na)xa  /os  jo  pmnnmoa  a)niosq«  aq)  a)sp 
-ajddv  0)  ^uii)  ooo'ooo'oo  i  )svaj )«  djaqdsoin)ti  oq)  jo  )qJ8iaM  aq) 
saop  )i  SB  'JSmpaooxa  ^sboi  asaamnn  s)i  pas  (zg)  pa)saAin  si  aqo^d 
oq)  qaiq^  q)tAL  jib  jo  ^ni)«oo  aq)  jo  M9tiMy;  aAi)BJsdaioo  aq)  pcmu 
O)  i[Ba  o)  X^ao  ^Avq  o^    *)8aj  aAi)Biaj  )«  aq  pas  q)i«o  aq)  q)iM. 
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ceeding  towsids  ilie  borders  of  the  solar  disk  has  been  noticed  by 
manj  astronomers ;  but  it  was  most  clearly  manifested  in  the  series 
of  observations  made  by  Sir  J.  Herschel  in  1837^  so  conclusively^ 
indeed,  as  to  leave  no  doubt  whatever  of  its  reidity  on  the  mind  of 
that  eminent  observer.  By  projecting  the  image  of  the  sun's  disk 
on  white  paper,  by  means  of  a  good  achromatic  telescope,  this 
diminution  of  light  towards  the  borders,  was  on  that  occasion  ren- 
dered BO  apparent,  that  it  appeared  to  him  surprising  that  it  should 
ever  have  been  questioned. 

257.  Zts  eadatence  indio«tetf  by  solar  eclipses. — But  the 
most  conclusive  proofs  of  the  existence  of  such  an  external  atmo- 
sphere are  supplied  by  certain  phenomena  observed  on  the  occasion 
of  total  eclipses  of  the  sun,  which  will  be  fully  explained  in  another 
chapter  of  tiiis  volume. 

258.  Sir  7.  Bersebel's  liTpetiieslstoezptelii  the  solar  spots. 
— The  immediate  cause  of  the  spots  being  proved  to  be  occasional 
ruptures  of  continuity  in  the  ocean  (if  luminous  fluid  which  forms 
the  visible  surface  of  the  solar  globe,  it  remains  to  discover  what 
physical  agency  can  be  imagined  to  produce  dynamical  phe- 
nomena on  a  scale  so  vast  as  that  which  the  changes  of  appearance 
of  the  spots  indicate. 

The  regions  of  the  spots  being  two  zones  parallel  to  the  solar 
equator,  manifests  a  connection  between  these  phenomena  and  the 
sun's  rotation.  The  like  regions  on  the  earth  are  the  theatres  of 
*he  trade-winds  and  anti-trades,  and  of  hurricanes,  tornadoes, 
vaterspouts,  and  other  violent  atmospheric  disturbances.  On  the 
planets  ihe  same  regions  are  marked  by  belts,  appearances  which 
sre  traced  by  analogy  to  the  same  physical  causes  as  those  which 
'^nroduce  the  trades  and  other  atmospheric  perturbations  prevailing 
in  the  tropical  and  ultra-taropical  zones.  Analogy,  therefore,  sug- 
gests the  inquiry,  whether  any  physical  agencies  can  exist  upon  the 
son  similar  to  those  which  produce  these  phenomena  on  the  earth 
and  planets. 

80  far  as  relates  to  the  earth  it  is  certain,  and  so  far  as  relates  to 
the  planets  probable,  that  the  immediate  physical  cause  of  these 
phenomena  is  the  inequality  of  the  exposure  of  the  earth's  surface 
to  sdar  radiation,  and  the  consequent  inequality  of  temperature 
■produced  in  dififerent  atmospheric  zones,  either  by  the  direct  or 
reflected  calorific  rays  of  the  sun,  combined  with  the  earth's  rota- 
tion (233).  But  since  the  sun  is  itself  the  common  fountain  of 
heat,  supplying  to  all,  and  receiving  from  none,  no  similar  agency 
can  previdl  upon  it  It  remains,  therefore,  to  consider  whether  the 
play  of  the  physical  principles  which  are  in  operation  on  the  sun 
itsdf,  irrespective  of  any  other  bodies  of  the  system,  can  supply  an 
explanation  of  such  a  local  difierence  of  temperature  aS;  combined 
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with  the  son's  rotation,  would  produce  any  special  phvsicfd  effects 
on  the  macular  zones,  bj  which  the  phenomena  of  the  spots  might 
be  explicable. 

The  heat  generated  bj  some  undiscovered  agency  up<m  the  sun 
is  dispersed  through  the  surrounding  space  by  radiation.  If,  as 
may  be  assumed,  the  rate  at  which  this  heat  is  generated  be  the 
same  on  all  parts  of  the  sun,  and  if,  moreover,  the  radiation  be 
equally  free  and  unobstructed  from  all  parts  of  its  surface,  it  b 
evident  that  an  uniform  temperature  must  be  eveiywhere  main- 
tuned.  But  if,  from  any  lo^  cause,  tiie  radiation  be  more  ob- 
structed in  some  regions  than  in  others,  heat  will  accumulate  in 
the  former,  and  the  local  temperature  will  be  more  elevated  there 
than  where  the  radiation  is  more  free. 

But  the  only  obstruction  to  free  radiation  from  the  sun  must  ansa 
from  the  atmosphere  with  which,  to  a  height  so  enormous,  it  is 
surrounded.  If,  however,  this  atmosphere  have  everywhere  the 
same  height  and  the  same  density,  it  will  present  the  same  ob- 
struction to  radiation,  and  the  effective  radiation  which  takes  place 
through  it,  though  more  feeble  than  that  which  would  be  produced 
in  its  absence,  is  still  uniform. 

But  since  the  sun  has  a  motion  of  rotation  on  its  axis  in 
2  5*^  7^  48",  its  atmosphere,  like  that  of  the  earth,  must  participate 
in  that  motion  and  the  effects  of  centrifugal  force  upon  matter  so 
mobile :  the  equatorial  zone  being  carried  round  with  a  velocity 
greater  than  360  miles  per  second,  while  the  polar  zones  are 
moved  at  a  rate  indefinitely  slower,  all  the  effects  to  which  the 
spheroidal  form  of  the  earth  is  due  will  affect  this  fluid  with  an 
energy  proportionate  to  its  tenuity  and  mobility,  the  consequence 
of  which  will  be  that  it  will  assume  the  form  of  an  oblate  sphe- 
roid, whose  axis  will  be  that  of  the  sun's  rotation.  It  will  flow 
from  the  poles  to  the  equator,  and  its  height  over  the  zones  con- 
tiguous to  the  equator  will  be  greater  than  over  those  contiguous 
to  the  poles,  in  a  degree  proportionate  to  the  elliptidty  of  ih» 
atmospheric  spheroid. 

Now,  if  this  reasoning  be  admitted,  it  will  follow  that  the  ob- 
struction to  radiation  produced  by  the  solar  atmosphere  is  greatest 
over  the  equator,  and  gradually  decreases  in  proceeding  towards 
either  pole.  The  accumulation  of  heat,  and  consequent  elevation 
of  temperature,  is,  therefore,  greatest  at  the  equator,  and  gradually 
decreases  towards  the  poles,  exactiy  as  happens  on  the  earth  from 
other  and  different  physical  causes. 

The  effects  of  this  inequality  of  temperature,  combined  with  the 
rotation,  upon  the  solar  atmosphere,  will  of  course  be  similar  in 
their  general  character,  and  different  only  in  degree  from  the  phe- 
nomena produced  by  the  like  cause  on  the  earth.  Inferior  cunents 
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will,  as  upon  the  eartli^  preyail  towaids  the  equator,  and  superior 
counter-currents  towards  the  poles  (233).  The  spots  of  the  sun 
would^  therefore;  be  assimilated  to  those  tropical  regions  of  the  earth 
in  which,  for  the  moment,  hurricanes  and  tornadoes  preyail,  the 
upper  stratum  which  has  come  from  the  equator  being  temporarily 
carried  downwards,  displacing  bj  its  force  the  strata  of  luminous 
matter  beneath  it  (which  may  be  conceived  as  forming  an  habitually 
tzanquil  limit  between  the  opposite  upper  and  under  currents),  the 
upper  of  course  to  a  greater  extent  than  the  lower,  and  thus 
wholly  or  partially  denuding  the  opaque  surface  of  the  sim  below. 
Such  processes  cannot  be  unaccompanied  by  Torticose  motions, 
which,  left  to  themselves,  die  away  by  degrees,  and  dissipate,  with 
this  peculiarity,  that  their  lower  portions  come  to  rest  more 
speedily  than  ^eir  upper,  by  reason  of  the  greater  distance  below, 
as  well  as  the  remoteness  from  the  point  of  action,  which  lies  in  a 
higher  region,  so  that  their  centre  (as  seen  in  our  waterspouts, 
which  are  nothing  but  small  tornadoes)  appears  to  retreat  up- 
wards.* 

Sir  J.  Herschel  maintains  that  all  this  agrees  perfectly  with 
what  is  observed  during  the  obliteration  of  the  solar  spots,  which 
appear  as  if  filled  in  by  the  collapse  of  their  sides,  the  penumbra 
closing  in  upon  the  spot  and  disappearing  afterwards. 

It  would  have  rendered  this  ingenious  hypothesis  still  more 
•atisfactoiy,  if  Sir  J.  Herschel  had  assigned  a  reason  why  the 
luminous  and  subjacent  non-luminous  atmosphere,  both  of  which 
are  assumed  to  be  gaseous  fluids,  do  not  affect,  in  consequence  of 
the  rotation,  the  same  spheroidal  form  which  he  ascribes  to  the 
superior  solar  atmosphere. 

259.  OaloiUlo  power  of  solar  mjs.  —  The  intensity  of  heat 
on  the  sun's  surface  has  been  found  to  be  seven  times  as  great  as 
that  of  the  vivid  ignition  of  the  fuel  in  the  strongest  blast  furnace. 
This  power  of  solar  light  is  also  proved  by  the  facility  with  which 
the  calorific  rays  pass  through  glass.  Herschel  found,  by  experi- 
ments made  with  an  actinometer,  that  8 1*6  per  cent,  of  the  calo- 
rific rays  of  the  sun  penetrate  a  sheet  of  plate  glass  0*12  inch 
thick,  and  that  85*9  per  cent  of  the  rays  which  have  passed  through 
one  such  plate  will  pass  through  another.f 

260.  Vrobable  plijrsloal  oanso  of  solar  beat,  —  One  of  the 
most  difficult  questions  connected  with  the  physical  condition  of 
the  sun,  is  the  discovery  of  the  agency  to  which  its  heat  is  due. 
To  the  hypothesis  of  combustion,  or  any  other  which  involves  the 
supposition  of  extensive  chemical  change  in  the  constituents  of 
the  sur£Btce,  there  are  insuperable  difficultiea    Conjecture  is  all 

*  Hencbel*s  C^pc  Obtervationiy  p.  434.  f  Ibid.  p.  133. 
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that  can  be  oSaed,  in  the  absence  of  all  data  upon  which  leaaoa- 
ing  can  be  based.  Without  anj  chemical  chaiige,  heat  may  be 
indefinitely  generated  either  bj  friction  or  by  electric  currents,  and 
each  of  these  causes  have  accordingly  been  suggested  as  a  posdble 
source  of  solar  heat  and  light.  According  to  Uie  latter  hypotheoa, 
the  sun  would  be  a  great  elecibic  ueHT  in  the  centre  of  the 
system. 


CHAPTER  Xm. 

THE  aOLAB  STSTEIL 


26 1 .  VereeptlOB  of  tHe  motlOB  and  yosltton  of  anrroniuUny 
olijeots   depends  npon  tbe  station  of  tbe  observer.  —  The 

facility,  clearness,  and  certainty  with  which  the  motions,  distances^ 
magnitudes,  and  relative  position  and  arrangement  of  any  surround- 
ing objects  can  be  ascertained^  depends  in  a  great  degree,  upon  the 
station  of  the  observer.  The  form  and  relative  disposition  of  the 
building,  streets,  squares,  and  limits  of  a  great  city,  are  perceived^ 
for  example,  with  more  clearness  and  certainty  if  the  station  of  the 
observer  be  selected  at  the  summit  of  a  lofty  building,  than  if  it 
were  at  any  station  level  with  the  general  plane  of  the  city  it8el£ 
This  advantage  attending  an  elevated  place  of  observation  is  much 
augmented  if  the  objects  observed  are  affected  by  various  and 
complicated  motions  inter  ae,  A  general,  who  directs  the  evolutions 
of  a  battle,  seeks  an  elevated  position  from  which  he  can  obtain,  as 
far  as  it  is  practicable  to  do  so,  a  lnrd'8  eye  view  of  the  field ;  and 
it  was  at  one  time  proposed  to  employ  captive  balloons  by  which 
observers  could  be  raised  to  a  sufficient  elevation  above  the  plane 
of  the  military  manoeuvres. 

All  these  (Ufficulties,  which  arise  from  the  station  of  the  observer 
being  in  the  general  plane  of  the  motions  observed,  are,  however, 
infinitely  aggravated  when  the  station  has  itself  motions  of  which 
the  observer  is  unconscious ;  in  such  case,  the  effects  of  these 
motions  are  optically  transferred  to  surrounding  objects,  giving  them 
apparent  motions  in  directions  contrary  to  that  of  the  observer,  and 
apparent  velocities,  which  vary  with  their  distance  from  the 
observer,  increasing  as  that  distance  diminishes,  and  fliminiftliing 
as  that  distance  increases. 

All  such  effects  are  imputed  by  the  unconscious  observer  to  so 
many  real  motions  in  the  objects  observed ;  and,  being  mixed  up 
with  the  motions  by  which  such  objects  themselves  are  actually 
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a^cted,  an  inextricable  confusion  of  changes  of  position^  apparent 
and  real^  results,  which  involyes  the  observer  in  obscurity  and 
difficulty,  if  his  purpose  be  to  ascertain  the  actual  moti<Hi8  and 
relatiye  distances  and  arrangement  of  the  objects  around  him. 

262.  FecvUar  diUloiiltles  presented  by  tbe  aolmr  sjstem. 
—  All  these  difficulties  are  presented  in  their  most  aggravated 
fbrm  to  the  observer,  who,  being  placed  upon  the  earth,  desires  to 
ascertiun  the  motions  and  positions  of  the  bodies  composing  the 
solar  system.  These  bodies  all  move  nearly  in  one  plane,  and 
from  that  plane  the  observer  never  departs :  he  is,  therefore,  deprived 
altogether  of  the  facilities  and  advantages  which  a  bird's  eye  view 
of  the  system  would  affi)rd.  He  is  like  the  commander  who  can 
find  no  station  from  which  to  view  the  evolutions  of  the  army 
against  which  he  has  to  contend,  except  one  upon  a  dead  level  with 
it,  but  with  this  great  addition  to  his  embarrassment,  that  his  own 
station  is  itself  subject  to  various  changes  of  position,  of  which  he 
is  altogether  unconsdous^  and  which  he  can  only  ascertain  by  the 
apparent  changes  of  position  which  they  produce  among  the  objects 
o(  his  observation  and  inqidry. 

The  difficulties  arising  out  of  these  circumstances  obstructed  for 
ages  the  progress  of  astronomical  science.  The  persuasion  so 
universally  entertained  of  the  absolute  immobility  of  the  earth,  was 
not  only  a  vast  error  itself,  but  the  cause  of  numerous  other  errors. 
It  misled  inquirers  by  compelling  them  to  ascribe  motions  to 
bodies  which  are  stationaiy,  and  to  ascribe  to  bodies  not  sta- 
tionary, motions  altogether  different  from  those  with  which  they  are 
really  affected. 

263.  Oenerml  arraiiffeineiit  ef  bodies  oomposlnr  tlie  solar 
system. — The  solar  system  is  an  assemblage  of  great  bodies, 
globular  in  their  form,  and  analogous  in  many  respects  to  the  earth. 
Like  the  earth,  they  revolve  round  the  sun  as  a  common  centre,  in 
orbits  which  do  not  differ  much  from  circles  :  all  these  orbits  are 
veiy  nearly,  though  not  exactiy,  in  the  same  plane  with  the  annual 
orbit  of  the  earth,  and  the  orbital  motions  all  take  place  in  the 
same  direction  as  that  of  the  earth. 

Several  of  these  bodies  are  the  centres  of  secondary  systems, 
soother  order  of  smaller  globes  revolving  round  them  respectively 
in  the  same  manner,  and  according  to  the  same  dynamical  laws  as 
govern  their  own  motion  round  the  sun. 

264.  Flanets  primary  and  seeondary. — This  assemblage  of 
globes  which  thus  revolve  round  the  sun  as  a  conmion  centre,  of 
which  the  earth  itself  is  one,  are  called  flakets  ;  and  the  second- 
ary globes,  which  revolve  round  several  of  them,  are  called 
8S00NDABT  "BJJLSVTBf  SATELLITES,  or  icooNS,  One  of  them  being  oui 
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moon,  wHch  revolyes  round  the  earth  as  the  earth  itself  revolTea 
round  the  sun. 

265.  Fiimarj  oarrj  wltb  tlMm  tbe  seooBdary  round  t»Mm 
soil. — The  primaiy  planets  which  are  thus  attended  by  satellites, 
cany  the  satellites  with  them  in  their  orbital  course ;  tiie  common 
orbital  motion^  thus  shared  by  the  primary  planet  with  its  seocmd- 
arieSy  not  prerenting  the  hannonious  motion  of  the  secondaries 
round  the  primary  as  a  common  centre. 

266.  Flsnetary  mottons  to  be  lint  refsrdod  ss  etroalar^ 
uniform*  snd  in  a  oommon  plnne. — It  will  be  conducive  to  the 
more  easy  and  clear  comprehension  of  the  phenomena  to  consider, 
in  the  first  instance,  the  planets  as  moving  round  the  sun  as  their 
oommon  centre  in  exactly  the  same  plane,  in  exactly  circular  orbits, 
and  with  motions  exactly  uniform.  None  of  these  suppositions 
correspond  precisely  with  their  actual  motions ;  but  they  represent 
them  so  very  nearly,  that  nothing  short  of  very  precise  means  of 
observation  and  measurement  is  capable  of  detecting  their  departure 
from  them.  The  motions  of  the  system  thus  understood  will  farm 
a  first  and  very  close  approximation  to  the  truth.  The  modifica- 
tions to  which  the  condusions  thus  estabUshed  must  be  submitted, 
so  as  to  allow  for  the  departures  of  the  several  planets  from  the 
plane  of  the  ecliptic,  of  their  orbits  from  exact  circles,  and  of  their 
motions  from  perfect  uniformity,  will  be  easily  introduced  and  com- 
prehended. But  even  these  will  supply  only  a  second  approximation. 
Further  investigation  will  show  series  after  series  of  corrections, 
more  and  more  minute  in  their  quantities,  and  requiring  longer  and 
longerperiodsof  timeto  manifesttheeffects  to  which  they  are  directed. 

267.  Znforior  and  snperlor  planets. — The  concentric  orbits 
of  the  planets  then  are  included  one  within  another,  augmenting 
successively  in  their  distances  from  the  centre,  so  as  in  general  to 
leave  a  great  space  between  orbit  and  orbit 

Those  planets  which  are  included  within  the  orbit  of  the  earth 
are  called  ivpebior  plaksts,  and  all  the  others  are  called  sxtps- 

JttOB  PLAIJETS. 

268.  Fertods.  —  The  pebiodio  tdcb  of  a  planet  is  the  interval 
between  two  successive  returns  to  the  same  point  of  its  orbit,  or, 
in  short,  the  time  it  takes  to  make  a  complete  revolution  round  the 
sun.  It  is  found  by  observation,  as  might  be  naturally  expected, 
that  the  periodic  time  increases  with  the  orbit,  being  much  longer 
for  the  more  distant  planets;  but,  as  will  appear  hereafter,  this 
increase  of  the  periodic  time  is  not  in  the  same  proportion  as  the 
increase  of  the  orbit 

269.  STnodlo  motion.— The  motion  of  a  planet  considered 
merely  in  relation  to  that  of  the  earth,  without  reference  to  ita 
actual  position  in  its  orbit,  is  called  its  stkodic  koiiok. 
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270.  Oeoeentrle  and  taeliooentrio  mottons. — The  position 
and  motion  of  a  planet  aa  the^r  appear  to  an  observer  on  the  earth 
are  called  esocENTBio*;  and  as  they  would  appear  if  the  ohserrer 
were  transferred  to  the  sun,  are  called  hxuooentbio. 

271.  Bellocentrio  motton  deduolble  firom  yeoceiitile. — 
Altibough  the  apparent  motions  cannot  be  directly  observed  from 
the  sun  as  a  station,  it  is  a  simple  problem  of  elementary  geometry 
to  deduce  them  from  the  geocentric  motions,  combined  with  the  rela- 
ttve  distances  of  the  earth  and  planet  from  the  sun ;  so  that  we  are  in 
a  condition  to  state  with  perfect  clearness,  precision,  and  certainty, 
all  the  phenomena  whidi  the  motions  of  the  planetaiy  system  would 
present  if,  instead  of  being  seen  frt>m  the  movable  station  of  the 
earth,  they  were  witnessed  from  the  fixed  central  station  of  the 


272.  XloBffatlOB. — The  geocentric  position  of  a  planet  in  rela- 
tion to  the  sun,  or  the  angle  formed  by  lines  drawn  from  the  earth 
to  the  sun  and  planet,  is  called  the  vlosbatioIx  of  the  planet,  and 
ifl  EAST  or  WEST,  according  aa  the  planet  is  at  the  one  side  or  the 
other  of  the  sun. 

273.  Coajiuiotloii.— When  the  elongation  of  a  planet  is  nothing, 
it  is  said  to  be  in  ooNjrif  cnoir,  being  then  in  the  same  direction  as 
the  sun  when  seen  from  the  earth. 

274.  Opposttlaii. — When  the  elongation  of  a  planet  is  180°, 
it  is  said  to  be  in  opposition,  being  then  in  the  quarter  of  the 
heavens  directly  opposite  to  the  sun. 

It  is  evident  that  a  planet  which  is  in  conjunction,  passes  the 
meridian  at  or  veiy  near  noon,  and  is  therefore  above  the  horizon 
during  the  day,  and  below  it  during  the  night 

On  the  other  hand,  a  planet  which  is  in  opposition,  passes  the 
meridian  at  or  very  near  midnight,  and  therefore  is  above  the 
horizon  during  the  night,  and  below  it  during  the  day. 

275.  ^Inadratiira. — A  planet  is  said  to  be  in  quadrature  when 
its  elongation  is  90^ 

In  this  podtion  it  passes  the  meridian  at  about  six  o'clock  in 
the  morning,  when  it  has  western  quadrature,  and  six  o'clock  in 
the  evening,  when  it  has  eastern  quadrature.  It  is,  therefore,  above 
the  horizon  on  the  eastern  side  of  the  firmament  during  the  latter 
part  of  the  night  in  the  former  case,  and  on  the  western  side  during 
the  first  part  of  the  night  in  the  latter  case.  It  is  a  morning  star 
in  the  one  case,  and  an  evening  star  in  the  other. 

276.  Sjnedlo  period.  —  The  interval  which  elapses  between 
two  similar  elongations  of  a  planet  is  called  the  stitodic  pebiod  of 

•  From  the  Greek  words  rr  (g6)  and  nKtot  (helioe),  signifying  the  earth 
$nd  the  sun. 
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the  planet  Thua,  the  interral  between  two  successiTe  oppoeitkna 
or  two  suGceeaiye  eastern  or  weatem  quadraturee^  is  the  synodic 
period* 

277.  mflDrlor  and  Mip«iior  ooq|uiettoii. — A  superior  planet 
can  neyer  be  in  conjunction  except  when  it  is  placed  on  the  side  of 
the  sun  opposite  to  the  earth,  so  that  a  line  drown  &om  the  earth 
through  the  sun  would,  if  continued  beyond  the  sun,  be  directed  to 
the  planet  An  inferior  planet  is^  however,  also  in  conjunction 
when  it  crosses  the  line  drawn  from  the  earth  to  the  sun,  between 
the  earth  and  sun.  The  former  is  distinguished  as  supebiok  and 
the  latter  as  infebiob  conjimction. 

As  inferior  conjunction  necessarily  supposes  the  planet  to  be 
nearer  to  the  sun  than  the  earth,  and  opposition  supposes  it  to  be 
more  distant,  it  follows  that  inferior  planets  alone  can  be  in 
inferior  conjunction,  and  superior  planets  alone  in  opposition. 

278.  Blreot  and  retrograde  motion. — When  a  planet  appears 
to  move  in  the  direction  in  which  the  sun  appears  to  move,  its 
apparent  motion  is  said  to  be  dibect  ;  and  when  it  appears  to  move 
in  the  contrary  direction,  it  is  said  to  be  bbtkograde. 

The  i^parent  motion  of  an  inferior  planet  is  always  direct,  except 
within  a  certain  elongation  east  and  west  of  inferior  conjunction^ 
when  it  is  retrograde. 

279.  Oonditlona  vnder  wbieh  a  planet  la  Tialble  In  tba 
absence  of  tbe  eon. — It  is  evident  that  to  be  visible  in  the 
absence  of  the  sun,  a  celestial  object  must  be  so  far  elongated  from 
that  luminary  as  to  be  above  the  horizon  before  the  commencement 
of  the  morning  twilight,  or  after  the  end  of  the  evening  twilight. 
One  or  two  of  the  planets  have,  nevertheless,  an  apparent  magni- 
tude so  considerable,  and  a  lustre  so  intense,  that  they  are  sometimes 
seen  with  the  naked  eye,  even  before  sunset  or  after  sunrise,  and 
may,  in  general,  be  seen  with  a  telescope  when  the  sun  has  a 
considerable  altitude.  In  most  cases,  however,  to  be  visible  without 
a  telescope,  a  planet  must  have  an  elongation  greater  than  30° 

As  an  mstance  of  the  visibility  of  a  planet  to  the  naked  eye 
during  the  day  time,  it  may  be  mentioned  that  Venus  has  fre- 
quently been  seen  at  Greenwich,  between  one  and  two  o'clock  in 
the  afternoon,  when  the  planet  was  near  the  meridian,  and  under 
favourable  circumstances  with  a  brilliant  sky. 

280.  STeninff  and  morning  star. — Since  the  inferior  planets 
can  never  attain  so  great  an  elongation  as  90^,  they  must  always 
pass  the  meridian  at  an  interval  considerably  less  than  six  hours 
before  or  after  the  sun.  If  they  have  eastern  elongation  they,  pass 
the  meridian  in  the  afternoon,  and  are  visible  above  the  horizon 
after  sunset,  and  are  then  called  evekikg  stabs.    If  they  have 
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western  elongation  they  pass  the  meridian  in  the  forenoon,  and  are 
visible  above  the  eaatem  horizon  before  Bunrise,  and  are  then  called 

MOBNUre  8TAB8. 

281.  Appearanee  of  superior  pUuieta  at  Tarlona  oloBfa- 
tloiio. — A  superior  planet,  having  every  degree  of  elongation  east 
and  west  of  the  sun  from  o^  to  1 80^,  passes  the  meridian  during 
its  synodic  period  at  all  hours  of  the  day  and  night  Between 
conjunction  and  quadrature^  its  elongation  east  or  west  of  the  sun 
being  lees  than  90°,  it  passes  the  meridian  earlier  than  six  o'clock 
in  the  afternoon  in  the  former  case,  and  later  than  six  o'clock  in 
the  forenoon  in  the  latter  case,  being,  like  an  inferior  planet,  an 
evening  star  in  the  former,  and  a  morning  star  id  the  latter  case. 

At  eastern  quadrature  it  passes  the  meridian  at  six  in  the  even- 
ing, and  at  western  quadrature  at  six  in  the  morning,  appearing 
still  as  an  eveniog  star  in  the  former,  and  as  a  morning  star  in  the 
latter  case. 

Between  the  eastern  quadrature  and  opposition,  the  elongation 
being  more  than  90^  east  of  the  sun,  the  planet  must  pass  the 
meridian  between  six  o'clock  in  the  eveniog  and  midnight,  and  is 
therefore  visible  from  sunset  until  some  hours  before  sunrise. 
Between  western  quadrature  and  opposition,  the  elongation  being 
more  than  90^  west  of  the  sun,  the  planet  must  pass  the  meridian 
at  some  time  between  midnight  and  six  o'clock  in  the  morning, 
and  it  is  therefore  visible  from  some  hours  after  simset  until  sun- 
rise. 

At  opposition  the  planet  passes  the  meridian  at  midnight^  and  is 
therefore  visible  from  sunset  to  sunrise. 

282.  WhMM^m  of  M  planet. — While  a  planet  revolves,  that 
hemisphere  which  is  presented  to  the  sun  is  illuminated,  and  the 
other  dark.  But  since  the  same  hemisphere  is  not  presented 
generally  to  the  earth,  it  follows  that  the  visible  hemisphere  of  the 
planet  will  consist  of  a  part  of  the  dark  and  a  part  of  the  enlight- 
eaed  hemisphere,  and,  consequently,  the  planet  will  exhibit  phases, 
the  varieties  and  limits  of  which  will  depend  upon  the  relative 
directions  of  the  lines  drawn  from  tlie  earth  and  sun  to  the  planet 
It  is  evident  that  tiie  section  of  the  planet  at  right  angles  to  a  line 
drawn  from  the  sun  to  its  centre  is  the  base  of  its  enlightened 
hemisphere,  while  tlie  section  at  right  angles  to  a  line  drawn  from 
the  earth  to  its  centre,  is  the  base  of  its  visible  hemisphere.  The 
leas  the  angle  included  between  these  lines  is,  the  greater  will  be 
the  portion  of  the  visible  hemisphere  which  is  enlightened. 

283.  Ferllieiloii,  aplieUon*  mean  dlstaneo. — That  point  of 
the  eilipidc  orbit  at  which  a  planet  is  nearest  to  the  sun  is  called 
PERIHELTOV,  and  that  point  at  which  it  is  most  remote  is  called 

▲PHBUOir. 
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The  lOEAir  bisiaitcb  of  a  planet  from  tlie  sun  is  half  the  soin  of 
its  greatest  and  least  distances. 

284.  Mi^or  and  minor  axM*  and  exoentriol^  of  taia  orMt. 

— The  fig,  54  represents  an  ellipse,  of  which  F  is  the  focus  and  c 
the  centre.  The  line  0  F  continued  to  P  and  A  is  th^  kajob  axis, 
sometimee  called  the  transverse  axia  Of.  all  the  diameters  which 
can  be  drawn  through  the  centre  0,  terminating  in  the  curve^  it  is 

the  longest,  while  xck',  drawn 
-•^^P  at  right  angles  to  it,  called  the 

""^^  ""^x  MINOR  AXIS,  is  the  shortest    The 

\  ^     line  P  m',  which  is  equal  to  P  c, 
p   "  ]        half  the  major  axis,  and  there- 
y         fore  to  half  the  sum  of  the  great- 
.^^"^^  est  and  least  distances  of  the 

pj  ^  ellipse  from  its  focus,  is  the  xeak 

''  DISTANCE. 

A  planet,  is,  therefore,  at  its  mean  distance  from  the  sun  when  it 
is  at  the  extremities  of  the  minor  axis  of  its  orbit. 

There  is  another  point  p'  on  the  major  axis,  at  a  distance  p'  c 
from  the  centre,  equal  to  p  0,  which  has  also  the  geometric  pro- 
perties of  the  focus.  It  is  sometimes  distinguished  as  the  empty 
poors  of  the  planet's  orbit 

Ellipses  may  be  more  or  less  ezoentbio,  that  is  to  say  more  or 
less  ovaL  The  less  excentric  they  are,  the  less  they  differ  in  form 
from  a  circle.  The  degree  in  which  they  have  the  oval  form, 
depends  on  the  ratio  which  the  distance  p  0  of  the  focus  from  the 
centre,  bears  to  P  0,  the  semi-axis  major.  Two  ellipses  of  different 
magnitudes  in  which  this  ratio  is  the  same,  have  a  like  form,  and 
are  equally  excentric  The  less  the  ratio  of  0  F  to  CP  is,  the  more 
neariy  does  the  ellipse  resemble  a  circle.  This  ratio,  is,  therefore, 
called  the  szcbntbigitt. 

The  excentricity  of  a  planet's  orbit  will,  therefore,.be  that  number 
which  expresses  the  distance  of  the  sun  from  the  centre  of  the 
ellipse,  the  semi-axis  major  of  the  orbit  being  taken  as  the  unit 

285.  ApaidoOf  anomaly. — The  points  of  pbbiheliok  and 
APHSLioir  are  called  by  the  common  name  of  apsides. 

If  an  eye  placed  at  Uie  sun  p  look  in  the  direction  of  p,  that  point 
will  be  projected  upon  a  certain  point  on  the  firmament  This  is 
called  the  place  op  pebiheliok. 

The  angle  formed  by  a  line  drawn  from  the  sun  to  the  place  p  of 
a  planet,  and  the  major  axis  of  its  orbit,  or,  what  is  the  same,  the 
angular  distance  of  the  planet  from  its  perihelion,  as  seen  from  the 
sun,  is  called  its  akomalt. 

If  an  imaginary  planet  be  supposed  to  move  from  perihelion  to 
aphelion,  widi  any  imiform  angular  motion  round  the  sun  in  the 


THE  SOLAR  SYSTEM.  185 

same  tune  that  the  real  planet  moTes  between  the  same  points 
with  a  yariable  angular  motion,  the  anomaly  of  this  imaginaiy 
planet  is  called  the  mean  anomalt  of  the  planet 

286.  Plaee  of  perllielioii. — The  place  of  PEBiHELioir  is  ex- 
pressed by  indicating  the  particular  fixed  star  at  or  near  which  the 
planet  at  p  is  seen  from  f,  or,  what  is  the  same,  the  distance  of 
that  point  from  some  fixed  and  known  point  in  the  heavens.  The 
point  selected  for  this  purpose  is  the  yemal  equinoxial  point,  or  the 
first  point  of  Aries,  The  distance  of  perihelion  from  tills  point,  as 
seen  from  the  sun,  is  called  the  LdTGixuDE  of  perihelion,  and  is 
an  important  condition  affecting  the  position  of  the  planet's  orbit  in 
space. 

287.  abeentrlettlM  of  orbtu  smalL — The  planets'  orbits, 
like  iJiat  of  the  earth,  though  elliptical,  are  yeiy  sightly  so.  The 
excentricities  are  so  minute,  that  if  the  form  of  tiie  orbit  were 
delineated  on  paper,  it  could  not  be  distinguished  from  a  circle 
except  by  very  exactly  measuring  its  breadth  in  different  direc- 
tions. 

288.  Saw  of  attraetlOB  deduced  firom  olUptio  orbtt. — As 
ilie  equable  description  of  areas  round  the  centre  ef  the  sun  proves 
iliat  point  to  be  the  centre  of  attraction,  the  elliptic  form  of  the 
orbit  and  the  position  of  the  sun  in  the  focus  indicate  the  law 
according  to  which  this  attraction  varies  as  the  distance  of  the 
planet  firom  the  sun  varies.  Newton  has  demonstrated,  id  his 
PbikgiPia,  that  such  a  motion  necessarily  involves  the  condition 
that  the  intensity  of  the  attractive  force,  at  difierent  points  of  the 
orbit,  varies  inversely  as  the  square  of  the  distance,  increasing  as  the 
square  of  tlie  distance  decreases,  and  vice  versd, 

289.  The  orbit  mtirtat  be  a  parabola  or  byperbola. — Newton 
also  proved  that  the  converse  is  not  necessarily  true,  and  that  a 
body  may  move  in  an  orbit  which  is  not  elliptical  round  a  centre 
of  force  which  varies  according  to  this  law.  But  he  showed  that 
the  orbit,  if  not  an  ellipse,  must  be  one  or  other  of  two  curves, 
a  PABABOLA  or  BTPERBOLA,  having  a  dose  geometric  relation  to 
the  ellipse,  and  that  in  all  cases  the  centre  of  force  woiild  be  the 
iocuB  of  the  curve. 

These  three  sorts  of  curves,  the  ellipse,  the  parabola,  and  hyper- 
bola, are  those  which  would  be  produced  by  cutting  a  cone  in 
different  directions  by  a  plane,  and  they  are  hence  ctdled  the  ooNio 
sxonoNS. 

290.  Oondltloiui  wblob  datormlne  tbo  apoolos  of  tbe  orbit. 
— Ilie  conditions  under  which  the  orbit  of  a  planet  might  be  a 
parabola  or  hyperbola,  depend  on  the  relation  which  the  velocity 
of  the  motion  of  tiie  planet,  at  any  given  point  of  the  orbit,  bean 
to  the  intensily  of  the  attractive  force  at  that  point    It  is  demon- 
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Btrable  that^  if  the  velocity  with  which  a  planet  moves  at  any  giTon 
point  of  its  orbit  were  suddenly  augment^  in  a  certain  proportion, 
its  orbit  would  become  a  parabola,  and  if  it  were  still  more 
augmented,  it  would  become  an  hyperbola. 

The  ellipee  is  a  curve  which,  like  the  circle,  returns  into  itseif,  so 
that  a  body  moving  in  it  must  necessarily  retrace  the  same  pa^  in 
an  endless  succession  of  revolutions.  This  is  not  the  character  of 
the  parabola  or  hyperbola.  They  are  not  closed  curves,  but  consist 
of  two  bitmches  which  continue  to  diverge  from  each  other  without 
ever  meeting.  A  planet,  therefore,  whidi  would  thus  move,  would 
pass  near  the  sun  once,  following  a  curved  path,  but  would  then 
depart  never  to  return. 

291.  Saw  of  vntTttatlott  ren«i«l- — l^e  elliptic  form  of  the 
orbit  of  a  planet  indicates  the  law  which  governs  the  variation  of 
the  sun's  attraction  from  point  to  point  of  such  orbit ;  but  beyond 
this  orbit  it  proves  nothing.  It  remains,  therefore,  to  show  from 
the  planetary  motions  round  the  sun,  and  from  the  motions  of  the 
satellites  round  their  primaries,  that  the  same  law  of  attraction  by 
which  the  intensity  decreases  as  the  square  of  the  distance  from 
the  centre  of  attraction  increases,  and  vice  versd,  is  universaL 

The  attraction  exerted  upon  any  body  may  be  measured,  in 
general,  as  that  of  the  earth  on  bodies  near  its  surface  is  measured, 
by  the  spaces  through  which  the  attracted  body  would  be  drawn 
in  a  given  time.  It  has  been  found,  that  the  attraction  which  the 
earth  exerts  at  its  surfisM^  is  such  as  to  draw  a  body  towards  it 
through  193  inches  in  a  second.  Now  if  the  space  through  which 
the  sun  would,  by  its  attraction  at  any  proposed  distance,  draw  a 
body  in  one  second,  could  be  found,  the  attraction  of  the  sun  at 
that  distance  could  be  exactly  compared  with,  and  measured  by 
the  attraction  of  the  earth,  just  as  the  length  of  any  line  or  distance 
is  ascertained,  by  applying  to  it,  and  comparing  it  with,  a  standard 
yard  measure. 

292.  Incltnation  of  Che  oil»lts  —  nodes. — For  the  sake  of 
illustration,  we  will  suppose  the  planets  to  be  moving  in  the  plane 
of  the  earth's  orbit.  If  this  were  strictly  true,  no  planet  would 
ever  be  seen  on  the  heavens  out  of  the  ecliptic  The  inferior 
planets,  when  in  inferior  conjunction,  would  always  appear  as  spots 
on  the  sun;  and  when  in  superior  conjunction,  they,  as  well  as  the 
superior  planets,  would  always  be  behind  the  sim's  disk.  This  is 
not  the  case.  The  planets  generally,  superior  and  inferior,  are 
seldom  seen  actually  upon  the  ecliptic,  although  they  are  never  far 
removed  from  it.  The  centre  of  the  planet,  twice  in  each  revolution, 
is  observed  upon  the  ecliptic.  The  points  at  which  it  is  thus  found 
upon  the  plane  of  the  earth's  orbit  are  at  opposite  sides  of  the  sun, 
ISC'*  asunder,  as  seen  from  that  luminary.    At  one  of  them  the 
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pjaaet  passes  firom  the  south  to  the  north  of  the  ediptic,  and  at  the 
other  from  the  north  to  the  south. 

293.  ModaSf  aaeoidliiv  and  AmmetrndUkg. — Those  points, 
where  the  centre  of  a  planet  crosses  the  ediptic;  are  called  its  nodes, 
that  at  which  it  passes  horn  south  to  north  being  called  the  ascekd- 
nre  nods,  and  the  other  the  DBSCENDiNa  node. 

While  Ihe  planet  passes  from  the  ascending  to  the  descending 
node,  it  is  north  of  the  ecliptic ;  and  while  it  passes  from  the 
desc^iding  to  the  ascending  node,  it  is  south  of  it 

All  these  phenomena  indicate  that  the  planet  does  not  moye  in 
the  plane  of  the  ecliptic  but  in  a  plane  inclined  to  it  at  a  certain 
angle.  This  angle  cannot  be  great,  since  the  planet  ib  never 
observed  to  depart  far  from  the  ecliptic  With  a  few  exceptions 
which  will  be  noticed  hereafter,  the  obliquity  of  the  planets*  orbits 
do  not  amount  to  more  than  y^, 

294.  Tlia  ao41«€« — Most  of  the  planets,  therefore,  not  departing 
m<Hre  than  about  8^  from  the  ecliptic,  north  or  south,  their  motions 
are  limited  to  a  zone  of  the  heavens  boimded  bj  two  parallels  to 
tJie  ecliptic  at  this  distance,  north  and  somth  of  it. 

295.  TO  detetmiiie  tbe  real  diameters  and  Tolnmaa  of  tbe 
bodias  of  taia  aystem. — The  apparent  diameter  of  a  planet  at  a 
known  distance  being  observed,  the  real  diameter  may  be  computed 
by  multiplying  the  linear  value  of  i^'  at  the  distance  of  the  object, 
by  its  apparent  diameter  expressed  in  seconds  of  space. 

The  disks  of  the  inferior  planets  not  being  visible  at  inferior  con- 
junction when  their  dark  hemispheres  are  presented  to  the  earth,  and 
being  lost  in  the  efi^ilgence  of  the  sun  at  superior  conjunction,  can 
only  be  observed  between  their  greatest  elongation  and  superior 
conjunction,  when  they  appear  gibbous.  The  distance  of  the  pknet 
from  the  earth  is  computed  in  this  position  by  knowing  the  distances 
of  the  planet  and  the  earth  from  ^e  sun,  and  the  angle  under  the 
lines  drawn  from  the  sun  to  the  earth  and  planet,  which  can  always 
be  computed.  This  distance  being  obtained,  the  linear  value  of  i  '^ 
at  ike  planet  being  multiplied  by  the  greatest  breadth  of  its  gibbous 
disk,  the  real  diameter  will  be  obtained. 

Observations  of  Venus  are,  however,  occasionally  made  very 
near  to  superior  conjunction,  the  disk  of  the  planet  being  at  the 
time  apparently  circular,  but  of  limited  magnitude,  owing  to  the 
comparatively  great  distance  of  the  planet  from  the  earth. 

In  the  case  of  the  superior  planets,  their  diameters  may  be  best 
obtained  when  in  opposition,  because  then  they  appear  with  a  full 
disk,,  and,  being  nearer  to  the  earth  than  at  any  other  elongation, 
have  the  greatest  possible  magnitude.  Their  distance  from  the  earth 
in  this  position,  is  always  the  difference  between  the  distances  of 
the  earth  and  planet  from  the  sun. 
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When  the  real  diameters  are  founds  the  vdames  can  be  obtained, 
since  they  are  as  the  cubes  of  the  real  diameters. 

296.  MetHods  of  datennlBlBc  tbiB  m«— aa  of  tlio  bodies  oT 
the  oolar  ■  jstom. — The  work  of  the  astronomer  is  but  imperfecUj 
performed  when  he  has  only  mentioned  the  distances  and  magni- 
tudes,  and  ascertained  the  motions  and  velocities,  of  the  great  bodies 
of  the  universe.  He  must  not  only  measure,  but  weigh  theee 
stupendous  masses. 

The  masses  or  quantities  of  matter  in  bodies  upon  the  surface  of 
the  earth  are  estimated  and  compared  by  their  weights — that  ia, 
by  the  intensity  of  the  attraction  which  the  earth  exerts  upon  tliem. 
It  is  inferred  that  equal  quantities  of  matter  at  equal  distances 
from  the  centre  of  the  earth  are  attracted  by  equal  forces,  inasmuch 
as  allmassee,great  and  small,  fiall  with  the  same  velocity  (M.  231). 

The  intensity  of  the  attraction  with  which  the  earth  thus  acts 
upon  a  body  at  any  given  distance  from  its  centre  depends  on  the 
mass  or  quantity  of  matter  composing  the  earth.  If  the  mass  of 
the  earth  were  suddenly  increased  in  any  proposed  ratio,  the  weighta 
of  all  bodies  on  its  surfaoe,  or  at  any  given  distance  from  its  centre, 
would  be  increased  in  the  same  ratio,  and  in  like  manner,  if  its 
mass  were  diminished,  the  weights  would  be  decreased  in  the  same 
ratio.  In  short,  the  weights  of  bodies  at  any  given  distance  frcmi 
the  earth's  centre  would  vaiy  with,  and  be  exactly  proportional  to, 
eveiy  variation  in  the  mass  of  the  earth. 

A  further  explanation  of  the  method  of  determining  the  masses 
of  the  different  bodies  of  the  solar  system,  will  be  found  in  the 
concluding  chapter  of  this  volume. 

297.  To  dotormlne  tbe  masses  of  planets  wbleU  baTo  bo 
satellites.  ^~  The  masses  of  the  bodies  composing  the  solar  system 
are  measured,  and  compared  one  with  another,  by  ascertaining,  with 
the  necessary  precision,  any  similar  effects  of  their  attractions,  and 
allowing  for  the  effects  of  the  difference  of  distances.  The  effects 
which  are  thus  taken  to  measure  the  masses,  and  to  exhibit  their 
ratio' to  the  mass  of  the  sun  in  the  case  of  planets  attended  by 
satellites,  is  the  space  through  which  a  satellite  would  be  drawn  by 
its  primary,  and  the  space  through  which  a  planet  would  be  diawn 
in  the  same  time  by  the  sun.  These  spaces  indicate  the  actual 
forces  of  attraction  of  the  planet  upon  the  satellite  and  of  the  sun 
upon  the  planet,  and  when  the  effect  of  the  difference  of  distance  Ib 
aUowed  for,  the  ratio  of  the  mass  of  the  planet  to  the  mass  of  the 
sun  is  found. 

In  the  case  of  planets  not  attended  by  satellites,  the  effect  of 
their  gravitation  is  not  manifested  in  this  way,  and  there  is  no 
body  smaller  than  themselves,  and  sufficiently  near  them  to  exhibit 
the  same  easily  measured  and  very  sensible  effects  of  their  attrac- 
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tioiiy  and  hence  there  is  considerable  difficulty,  and  some  uncertainty 
as  to  their  exact  masses. 

298.  Xttsa  of  mars  eatlniated  bjr  its  attraetlon  vpon  tbe 

Murtli. — The  nearest  body  of  the  system  to  which  Mars  approaches 
is  the  earthy  its  distance  &om  which  in  opposition  is  nearly  fifty 
millions  of  mOes,  or  half  the  distance  of  the  earth  from  the  sun. 
Now,  since  the  volume  of  Mars  is  only  the  sixth  part  of  that  of  the 
earth|  it  may  be  presumed  that,  whatever  be  its  density,  its  mass 
must  be  so  smaU  that  the  efi^  of  its  attraction  on  the  earth  at  a 
distance  so  great  must  be  veiy  minute,  and  therefore  difficult  to 
ascertain  by  observation.  Nevertheless,  small  as  the  effect  thus 
produced  is,  it  is  not  imperceptible,  and  a  certain  deviation  from  the 
path  it  would  follow,  if  the  mass  of  Mars  were  not  thus  present, 
haui  been  observed.  To  infer  from  this  deviation  the  mass  of  Mars 
is,  however,  a  problem  of  much  greater  complexity  than  the  deter- 
mination of  the  mass  of  a  planet  by  observing  its  attraction  upon 
its  satellite.  The  method  adopted  for  the  solution  of  the  problem 
is  a  sort  of  "  trial  and  error."  A  conjectural  mass  is  first  imputed 
to  Mara,  and  the  deviation  from  its  course  which  such  a  mass  would 
cause  in  the  orbital  motion  of  the  earth  is  computed.  If  such 
deviation  is  greater  or  less  than  the  actual  deviation  observed,  an- 
other conjectural  mass,  greater  or  less  than  the  former,  is  imputed 
to  the  planet,  and  another  computation  made  of  the  consequent 
deviation,  which  will  come  nearer  to  the  true  deviation  than  the 
fonner.  By  repealing  this  approximative  and  tentative  process  a 
mass  is  at  length  found,  which,  being  imputed  to  Mars,  would 
produce  the  observed  deviation ;  and  tlds  is  accordingly  assumed  to 
be  the  true  mass  of  the  planet 

In  this  way  the  mass  of  Mars  has  been  approximatively  esti- 
mated to  be  about  the  eighth  part  of  the  mass  of  the  earth. 

The  smallness  of  this  mass  compared  with  its  distance  from  the 
only  body  on  which  it  can  exert  a  sensible  attraction  will  explain 
the  difficulty  of  ascertaining  i1^  and  tlie  uncertainty  which  attends 
its  value. 

299.  Masses  of  ▼onas  and  Wimrenrj, — The  same  causes  of 
difficulty  and  uncertainty  do  not  affect  in  so  great  a  degree  the 
planet  Venus,  whose  mass  is  somewhat  less  than  that  of  the 
earth,  and  which  moreover  comes  when  in  inferior  conjunction 
within  about  thirty  millions  of  miles  of  the  earth.  The  effects  of 
the  attraction  of  the  mass  of  this  planet,  upon  the  earth's  orbital 
motion  are  therefore  much  more  decided.  The  deviation  produced 
by  it)  is  not  only  easily  observed  and  measured,  but  it  affects  in  a 
sensible  manner  the  position  of  the  plane  of  the  earth's  orbit.  By 
tbe  same  system  of  ''trial  and  error,''  the  mass  of  this  planet  is 
ascertained  to  be  an  eighth  less  than  that  of  the  earth. 
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The  difficolties  attending  the  detennination  of  the  maas  of  Mer- 
cury are  still  greater  than  thoee  which  afiect  Man,  and  ita  tanie 
value  is  still  yerj  uncertain.  Attempts  have  lately  heeaa.  made  to 
approximate  to  its  yalue^  by  observing  the  efiects  of  its  attraction  on 
one  of  the  comets. 

300.  Metliods  of  detarmlBlBC  tlie  bmms  of  tSia  moon. — 
Owing  to  its  proximi^  and  close  relation  to  the  earth,  and  the 
many  and  striking  phenomena  connected  with  it,  the  detenninatian 
of  the  mass  of  the  moon  becomes  a  problem  of  considerable  import* 
tance.  There  are  various  observable  effects  of  its  attraction  by 
which  the  ratio  of  its  mass  to  those  of  the  sun  or  earth  may  be 
computed. 

301 .  I  St.  My  nutattoB.  — It  has  been  shown  that  the  attractiona 
of  the  masses  of  the  sun  and  moon  upon  the  protuberant  matter 
surrounding  the  equator  of  the  terrestrial  spheroid  produce  a 
regular  and  periodic  change  in  the  direction  of  the  axis  of  the  earthy 
and  consequently  a  corresponding  change  in  the  apparent  place  of 
the  celestial  pole.  The  share  which  each  mass  has  in  these  effects 
being  ascertained,  their  relative  attractions  exerted  upon  the  redun- 
dant matter  at  the  terrestrial  equator  is  found,  and  the  effect  of  the 
difierence  of  distance  being  allowed  for,  the  ratio  of  the  attracting 
masses  is  obtained. 

302.  2ndly.  ay  the  tides. — It  has  also  been  shown  that,  by 
the  attractions  of  the  masses  of  the  sun  and  moon,  the  tides  of  the 
ocean  are  produced.  The  share  which  each  mass  has  in  the  pro- 
duction of  these  effects  being  ascertained,  and  the  effect  of  the 
difference  of  distance  being  allowed  for,  the  ratio  of  the  masses  of 
the  sun  and  moon  is  obtained. 

503.  3rdly.  ay  the  oommon  centre  of  fimvlty  of  the  moon 
and  the  earth. — It  has  been  stated  that  the  centre  of  attraction 
round  which  the  moon  moves  in  her  monthly  course  is  the  centre 
of  the  earth.  This  is  nearly,  but  not  exactly  true.  By  the  law  of 
gravitation  the  centre  of  attraction  is  not  the  centre  of  the  earth, 
but  the  centre  of  gravity  of  the  earth  and  moon,  that  is,  a  point 
whose  distance  from  the  centre  of  the  earth  has  to  its  distance  from 
the  centre  of  the  moon  the  same  ratio  as  the  mass  of  the  moon  has  to 
the  mass  of  the  eartL  (M.  309.)  Around  this  point,  whidi  is  within 
the  surface  of  the  earth,  both  the  earth  and  moon  revolve  in  a  month, 
the  point  in  question  being  always  between  their  centres.  If,  then, 
the  position  of  this  point  can  be  found,  the  ratio  of  its  distances 
from  the  centres  of  the  earth  and  moon  will  give  the  ratio  of  their 
masses. 

Now,  the  monthly  motion  of  the  earth  round  such  a  centre 
would  necessarily  produce  a  corresponding  apparent  monthly 
displacement  of  the  sun.    Such  displacement,  though  small  (not 
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amovntmg  to  more  than  a  few  seoondB);  is  neyerthelees  capable  of 
obaenratioii  and  measurement.  The  exact  place  of  the  sun's  centre 
being  therefore  computed  on  the  supposition  of  the  absence  of  the 
moon,  and  compared  with  its  obserred  place,  the  motion  of  the 
eartii's  centre  and  the  position  of  the  point  round  which  it  reyolves 
has  been  determined,  and  the  relatiye  masses  of  the  earth  and , 
moon  thus  found. 

304.  4thl7.  By  tenestrlal  grm,witj. — Bj  what  has  been  al- 
ready explained,  the  space  through  which  the  moon  would  be  drawn 
towards  the  earth  in  a  given  time  by  the  earth's  attraction  can  be 
determined.  Let  this  space  be  expressed  by  s.  The  linear  velocity 
T  of  the  moon  in  its  orbit  can  also  be  determined.    Now,  if  r  be 

the  radius  of  the  orbil^  we  shall  have  r  =  ^. 

We  find,  therefore,  the  radius  vector  of  the  moon's  orbit  by 
diyiding  the  square  of  its  linear  velocity  by  twice  the  space  through 
which  it  would  fall  towards  the  earth  in  the  unit  of  time.  But 
this  radius  vector  is  the  distance  of  the  moon's  centre  from  the 
oonunon  centre  of  gravity  of  the  earth  and  moon.  The  distance  of 
that  pomt^  therefore,  from  the  centre  of  the  earth,  and  con- 
sequently the  ratio  of  the  masses  of  the  earth  and  moon,  will  be 
thoB  found. 

All  these  methods  give  results  in  very  near  accordance,  from 
which  it  is  inferred  that  the  mass  of  the  moon  is  not  less  than  the 
aeventy-fifth,  nor  greater  than  the  ninetieth  part  of  the  mass  of  the 
earth,  but  from  the  most  trustworthy  determinations  it  is  con- 
sidered to  be  about  the  eightieth  part  of  the  earth's  mass. 

305.  To  determine  the  ma— ea  of  tbe  aatellitea. — The  same 
difficulties  which  attend  the  determination  of  the  masses  of  tiiie 
planets  not  accompanied  by  satellites,  also  attend  the  determination 
of  the  masses  of  satellites  themselves,  and  the  same  methods 
are  applicable  to  the  solution  of  the  problem.  The  masses  of  the 
qpitellites  of  Jupiter  and  the  other  superior  planets  are  ascertained  in 
relation  to  those  of  their  primaries  by  the  disturbing  effects  which 
they  produce  upon  the  motions  of  each  other. 

306.  OlaaetHeatton  of  the  planets  In  tbree  groups — Vlrst 
group — tbie  terrestrial  planets. — Of  the  planets  hitherto  dis- 
covered, three  which  present  in  several  respects  remarkable  ana- 
logies to  the  earth,  and  whose  orbits  are  included  within  a  circle 
which  exceeds  the  earth's  distance  from  the  sun  by  no  more  than 
ooe-half,  have  been  from  these  circumstances  denominated  tebbes- 
XBIAX  PLAJiSTS.  Two  of  these,  Mbrottbt  and  Ysnus,  revolve 
wxdiin'the  orbit  of  the  earth ;  and  the  third,  Mabs,  revolves  in  an 
orbit  outside  that  of  ihe  earth,  its  distance  from  the  earth  when  in 
^position  being  only  half  the  earth's  distance  from  the  sun.    A 


192 


ASTRONOMY. 


sapposed  new  planet,  which  has  receired  the  name  of  VuLCAHy 
and  whose  oibit  is  included  within  that  of  Meicuiy,  must  be  added 
to  this  group. 

307.  Second  yronp — the  pUuietoldfl. — A  chasm  haying  a 
width  measuring  little  less  than  four  times  the  earth's  distance, 

.  separated,  for  many  ages  after  astronomj  had  made  considemble 
progress,  the  terrestrial  planets  from  the  more  remote  members  of 
the  sjrstem.  The  labours  of  obsenrers  since  ^e  beginning  of  the 
present  century,  but  chiefly  since  1 845,  have  filled  this  chasm  with 
no  less  than  ninety-one  planets,  distinguished  from  all  the  other 
bodies  of  the  system  by  their  extremely  minute  magnitudes,  and  by 
the  circumstance  of  revolving  in  orbits  very  nearly  equaL  These 
bodies  have  been  distinguished  by  the  ,name  of  asieboids  or 
PLAiTETOiDS,  the  latter  being  preferable  as  the  most  characteriatic 
and  appropriate. 

308.  Tblrd  gronp — the  mi^Jor  planets. — Outside  the  plane- 
toids, and  at  enormous  distances  from  the  sun  and  from  each  other, 
revolve  four  planets  of  stupendous  magnitude— named  Jupiteb, 
Satubk,  Ubaktts,  and  Neptuite  :  the  two  former  being  visible  to  the 
naked  eye,  were  known  to  the  ancients ;  the  two  latter  are  tele- 
scopic, and  were  discovered  in  modem  times. 


CHAPTER  XIV. 

THE  TKBRlCSTRIAL  PLAIOETS. 

I.  Vulcan. 

309.  The  enppesed  new  Inftolor  planet. — The  suppoeed  new 
inferior  planet,  which  has  received  the  name  of  Vuloan,  b  believed 
by  many,  from  sufficient  proofs  having  been  given  by  the  discoverer, 
to  be  in  reality  a  member  of  the  solar  system.  Some  degree  of 
doubt,  however,  will  necessarily  be  attached  to  the  existence  of 
this  planet,  imtil  its  identity  be  established  by  further  observa- 
tions. 

It  will  be  sufficient  therefore  here  to  state  that  on  the  26th  of 
March,  1 859,  a  small  dark  body  was  seen  to  pass  over  a  portion  of 
the  sun's  disk  by  M.  Lescarbault,  a  physician  at  Org^res  in  the 
department  Eure  et  Loire,  France,  having  every  appearance  of  being 
a  planet,  whose  orbit  would  be  included  within  that  of  Mercurv. 
From  his  observations,  which  were  registered  in  a  very  carefril, 
though  homely,  manner,  as  well  as  from  his  replies  to  a  very  ferere 
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crosfl-ezaminatioQ  by  M.  Le  Verrier,  who  had  undertaken  to  prove 
the  truthfulness  of  the  discovery,  that  astronomer  was  convinced 
that  he  ought  not  to  doubt  the  reality  of  the  observation,  or  the 
good  faith  of  the  observer. 

From  the  observations  of  M.  Lescarbault,  it  is  supposed  that  the 
distance  of  Vulcan  from  the  sun  is  about  fourteen  millions  of  miles ; 
its  period  less  than  20  days ;  the  inclination  of  its  orbit  12  or  13 
degrees;  and  the  longitude  of  the  ascending  node  1 3  degrees. 

This  suspected  planet  has  been  systematically  looked  for  at 
sereral  of  the  principal  observatories,  at  those  times  when  its' 
orbit  would  have  been  projected  on  the  sun's  disk.  The  search, 
however,  has  not  been  successful.  M.  Liab,  an  observer  of  con- 
fliderable  practice,  who  happened  to  be  engaged  in  the  observation 
of  solar  phenomena,  at  Rio  Janeiro,  at  the  identical  moment 
of  M.  Lescarbault's  alleged  discovery,  feels  certain  that  no  object 
of  a  planetary  nature  was  visible  at  that  particular  time.  It  is 
now  considered  by  most  practical  astronomers  that  the  existence  of 
this  supposed  object  is,  to  say  the  least,  very  doubtfuL 

n.  Meecubt. 

310.  Period. — ^If  we  except  Vulcan,  Mebctbt  is  the  nearest  ■ 
of  the  planets  to  the  sun,  and  that  which  completes  its  revolution 
in  the  shortest  interval  of  time. 

The  synodic  period  of  this  planet,  determined  by  immediate  ob- 
aervmtion,  is  1 1 5*88  days. .  Its  mean  sidereal  period  is  87*97  days. 

If  the  earth's  period  be  expressed  by  i,  that  of  Mercury  will 
therefore  be  0*2408. 

311.  ICean  and  extreme  dlstanoes  from  tbe  eiui  and  eartli. 
— ^The  excentridty  of  the  orbit  of  Mercury  is  much  more  consider- 
able than  those  of  the  planets  generally,  being  a  little  more  than 
0*2056,  expressed  in  parts  of  the  mean  distance.  The  distance  of 
the  planet  from  the  sun  is,  therefore,  subject  to  a  variation, 
amounting  to  so  much  as  a  fifth  part  of  its  mean  value,  its  mean 
distance  being  about  35^  millions  of  miles.  The  greatest  and  least 
distancee  from  the  sun  are,  therefore, 

42^  millions  of  miles  in  aphelion 
28         „  „  perihelion. 

The  distance  is,  therefore,  subject  to  a  variation  in  the  ratio  of  5  to 
7  very  nearly. 
The  mean  distances  of  the  planet  from  the  earth  are,  therefore, 
56    millions  of  miles  at  inferior  conjunction 
126}        „  „  superior  conjunction. 

These  distances  are  subject  to  an  increase  and  diminution  of 
seven  and  one-third  millions  of  miles  due  to  the  excentricity  of  the 
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oibit  of  the  planet,  aod  one  mfllion  and  a-half  of  milea  due  to  iht 
exoentricity  of  the  oihit  of  the  earth. 

312.  graataat  •tongmtiott. — Owing  to  the  ellipticity  of  the 
pUmet'a  orbit,  the  greatest  elongation  of  Mercoiy  is  subject  to  some 
Tariation.    Its  mean  amoont  is  22^*5. 

313.  UmMm  9ttttm  orMt  Mtettr^ly  to  tluit  of  tli«  eartt.— 
The  oHnt  of  Mercniy  and  a  part  of  that  of  the  earth  are  exhibited  od 
their  proper  scale  in^.  55,  where  8B  is  the  earth's  distance  from 
thesanyand  mm^'tn  the  orbit  of  the  planet  The  lines  s  m'^  drawn 
from  ihe  earth  touching  the  orbit  of  the  planet  determine  the 
positions  of  the  planet  when  its  elongation  is  greatest  east  and  west 
of  the  Sim.  The  points  m  are  the  positions  of  the  planet  at 
inferior  and  snperior  conjunction. 

314.  Apporont  motton  of  tbe  pisaot.  — The  effects  of  the 
combination  of  tlie  orbital  motions  of  the  planet  and  the  earth  upon 
the  apparent  place  of  the  planet  will  now  be  easily  comprehended. 

Since  the  mean  value  of  the  greatest  elongation  mf'  s  8=22p. 
the  arc  mm''=67j®  and  therefore  m" m m"  =  67 J<>  X  2=135'. 

The  times  of  the  greatest  elonga- 
tions east  and  west  therefore  diride 
the  whole  synodic  period  into  two 
unequal  parts,  in  one  of  which, 
that  from  the  greatest  elongation 
east  throuf^  inferior  conjunction 
to  the  greatest  elongation  west, 
the  planet  gains  upon  the  earth 
135'';  and  in  the  other,  that  from 
the  greatest  elcmgation  west, 
through  superior  conjunction  to 
the  greatest  elongation  east,  it 
gains  360®— 1 35**=  225®.  Since 
the  parts  into  which  the  sjnodic 
period  is  thus  divided  are  propor- 
tional to  these  angles,  they  will 
be  (taking  the  synodic  period  in 
round  numbers  as  1 16  days)^ 
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And  since  the  former  interval  is  divided  equaUy  by  the  epoch  of 
inferior,  and  the  latter  by  the  epoch  of  superior,  conjunction,  it 
follows^  that  the  intervals  between  inferior  conjunction  and  greatest 
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elongatioii  t»  2i|  days,  and  Hm  inturyals  between  superior  oaii- 
junction  and  greatest  elongation  are  36 J  days. 

The  mtenrfd  between  ik^  times  at  which  the  planet  is  stationaiy^ 
before  and  after  inferior  conjunction,  is  subject  to  some  variationy 
owing  to  the  ezcentricities  of  the  orbits  both  of  the  planet  and  the 
earth,  but  chiefly  to  that  of  the  planet's  orbit,  which  is  considerable. 
If  its  mean  value  be  taken  at  22  days,  the  angle  gained  by  the 
plAnet  on  the  earth  in  that  interval  being68^'4,  the  angular  distances 
of  the  points  at  which  the  planet  is  stationary  from  inferior  con- 
junction as  seen  from  the  sun  would  be  34*^*2,  which  would 
coETespond  to  an  elongation  of  about  21®,  as  seen  fr^m  the  earth. 
This  lesnlt,  however,  is  subject  to  veiy  great  variation^  owing  to 
the  excentridty  of  the  planet's  orbit  and  other  causes. 

31^.  OmdtttoM  wlilali  fltTMur  tba  obe«nrMlMi  ef  mi 
intnUfg  piMMt. — These  conditions  are  threefold :  i.  The  mag- 
nitude of  that  portion  of  the  enlightened  hemisphere  which  is 
preaented  to  the  earth.  2.  The  elongation.  3.  The  proximity  of 
the  planet  to  the  earth. 

Since  it  happens  that  the  positions  which  render  some  of  these 
eonditions  most  favouxaUe  render  others  less  so,  the  detenninatien 
of  the  position  of  greatest  apparent  brightness  is  somewhat  compli- 
eated.  When  the  planet  is  nearest  to  the  earth  its  dark  hemisphere 
ia  presented  towards  us ;  besides  which,  being  in  inferior  conjunction, 
it  rises  and  sets  with  the  sun,  and  is  only  present  m  the  day  time. 
At  small  elongations  in  the  inferior  part  of  the  orbit  its  distance 
from  the  earth  is  not  much  augment^,  but  it  is  still  overpowered 
by  the  sun's  light,  and  would  only  appear  as  a  thin  crescent  when 
it  would  be  possible  to  see  it.  At  the  greatest  elongation,  when 
it  is  halved,  it  is  most  removed  from  the  interference  of  the  sun, 
but  is  brightest  at  a  less  elongation,  even  though  it  moves  to  a 
greater  distance  from  the  earth,  since  it  gains  more  by  the  increase 
of  its  phase  than  it  loses  by  increased  distance  and  diminished 
elongation. 

Owing  to  the  very  limited  elongation  of  Mercury,  that  planet, 
even  when  its  apparent  distance  from  the  sun  is  greatest,  sets  in  the 
evening  long  before  the  end  of  twilight;  and  when  it  rises  before 
the  sun^  Ihe  latter  luminary  rises  so  soon  after  it  that  it  is  never 
free  from  the  presence  of  so  much  solar  light,  which  rendem  it 
extremely  difficult  to  see  the  planet  with  the  naked  eye. 

In  these  latitudes  Mercury  is  therefore  only  occasionally  seen 
with  the  naked  eye.  It  is  said  that  Copernicus  himself  never  saw 
this  planet,  a  circumstance  which,  however,  may  have  been  owing, 
in  a  great  degree,  to  the  imfavourable  climate  in  which  he  rended. 
In  lower  latitudes,  where  the  diurnal  parallels  are  more  neariy 
vertical  and  the  atmosphere  less  clouded,  it  is  more  frequently 
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-visible,  and  there  it  is  more  conspictious,  owing  to  the  short 
duration  of  twilight 

316.  Apparent  Oianeter — Its  mama  Mid  •ztreme  Tala— . 

—  Owing  to  the  yariati(m  of  the  planet's  distance  from  the 
its  apparent  diameter  is  subject  to  a  corresponding  change.    AM 
greatest  distance  its  apparent  diameter  is  j^Y%  ^''^^  at  its  ~ 
distance  i  iY%  its  ralue  at  the  mean  distance  being  6^^'. 


The  apparent  diameter  of  the  moon  being  fiunfliar  to  evexj  fli|| 
supplies  a  convenient  and  instructiTe  comparison  hj  which  ^Bi 
apparent  magnitudes  of  other  objects  maj  be  indicated,  and 
shaU  refer  to  it  fineqnentlj  for  that  purpose.  The  disk  of  the  full 
moon  subtends  an  angle  of  1 800^^  to  the  eje.  It  follows,  therefore, 
that  the  apparent  ditoneter  of  Mercury  when  it  appears  as  a  thin 
crescent  near  inferior  conjunction  is  about  the  1 50^1  part,  near  the 
greatest  elongation  it  is  the  280th  part,  and  near  superior  con- 
junction the  400th  part  of  the  apparent  diameter  of  the  mpon. 

317.  Seel  dlaai«t«r.~The  real  diameter  has  been  assumed, 
from  some  recent  measures,  to  be  about  3058  miles. 

318.  Voiiiiiie. — ^Assumingthat  the  diameter  of  Mercury  equals 
3058  miles,  it  follows  that  its  Tolume  would  amount  to  about  the 
1 9th  part  of  that  of  the  earth. 

The  relative  volumes  are  represented  by  K  and  b,^.  56. 

319.  Msss  Mid  dsBsitj-. — Some  un* 
certainty  has  hitherto  attended  the  cal- 
culation of  the  density  and  mass  of  this 
planet,  owing  to  the  absence  of  a  satel- 
lite.   The  disturbances  produced  by  it 

upon  the  motion  of  Encke's  comet  (a 

f  j^  ^  body  which  will  be  described  in  anotiier 

chapter)  have,  however,  supplied  the 
means  of  a  closer  approximation  to  it.  By  this  means  it  has  been 
found  that  if  Mf  express  the  mass  of  the  planet,  and  ic  that  of  the 
earth,  we  shall  have 

i-i54S' 

ao  that  the  mass  is  1 5^  times  less  than  that  of  the  earth. 

The  density  of  the  planet  relatively  to  that  of  the  earth,  deter- 
mined from  the  above,  would  equal  1  *20.  Other  estimates  moke 
it  I *i  2.  So  that  it  may  be  inftMred  that  the  density  of  Mercury 
exceeds  that  of  the  earth  by  an  eighth  to  a  fifth;  this  result  is, 
however,  problematicaL 

320.  Solar  nght  and  heat. — The  apparent  magnitude  of  the 
sun  is  greater  than  upon  the  earth,  in  the  same  ratio  as  the  distance 
is  less ;  and  owing  to  the  considerable  ellipticity  of  Mercury's  orbit, 
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i-fe  hM  apparent  magnitades  Bensiblj  different  in  different  parte  of 
J^eicuiy's  year.    Tlie  apparent  mean  diameter  of  the  sun  as  seen 


iti«.57. 


Fig.  58. 


from  the  earth  being  32^  4'',  its  apparent  diameter  seen  from 
Mercury  will  be  in  perihelion  104^*3,  in  aphelion  68^7^  and  at 
mean  distance  82^*9. 

Thufl  the  apparent  diameter  when  leasts  is  twice,  and  when 
g^ieatesty  three  times,  that  which  the  sun  appears  firom  the  earth 
iprhen  at  its  mean  magnitude. 

In  Jtgs,  57,  58,  the  relative  apparent  magnitudes  of  the  sun,  as 
seen  from  the  earth  and  from  Mercury,  at  the  mean  distance  and 
extreme  distances,  are  represented  at  b,  m,  x',  and  Mf\  K  s  be 
sopposed  to  represent  the  apparent  disk  of  the  sun  as  seen  from  the 
earth,  M  will  represent  it  as  it  appears  to  Mercury  at  the  mean 
distance,  itf  at  aphelion  and  nf'  at  perihelion. 

Since  the  illuminating  and  heating  power  of  the  sun's  rays, 
whateyer  be  the  physic«d  condition  of  the  surface  of  the  planet, 
muat  vary  in  the  same  proportion  as  the  apparent  area  of  the  sun's 
disk,  it  follows,  that  the  light  and  warmth  produced  by  the  sun  on 
the  snrfiice  of  the  planet  will  be  greater  in  perihelion  than  in  aphe- 
lion, in  the  ratio  of  9  to  4,  and,  consequently,  there  must  be  a  suc- 
cession of  seasons  on  this  planet,  dependiog  exclusively  on  the 
ellipticity  of  the  orbit,  and  having  no  relation  to  the  direction  of  its 
axis  of  rotation  or  the  position  of  the  plane  of  its  equator  with 
relation  to  that  of  its  orbit  The  passage  of  the  planet  through  its 
perihelion  must  produce  a  summer,  and  its  passage  through  aphe- 
lion a  winter,  the  mean  temperature  of  the  former,  ceteris  panbus, 
being  above  twice  that  of  the  latter. 

if  the  axis  of  the  planet  be  inclined  to  the  plane  of  its  orbit, 
another  succession  of  seasons  will  be  produced,  dependent  on  such 
inclination  and  the  position  of  the  equinoxiel  points.  If  these  points 
coincide  with  the  apsides  of  the  orbit,  the  sunmiers  and  winters 
arising  from  both  causes  will  either  respectively  coincide,  or  the 
summer  from  each  cause  will  coincide  with  the  winter  from  the 
o^er.  In  the  former  case-  the  intensities  of  the  seasons  and  their 
extreme  temperatures  will  be  augmented,  by  the  coincidence,  and 
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in  ihe  latter  thej  will  be  mitigated^  the  summer  heat  finun  each 
canae  tempting  the  winter  cold  from,  the  other. 

If,  on  the  other  hand,  the  line  of  apsides  be  at  right  angles  to 
the  direction  of  the  equinoxee,  the  summer  and  winter  ficom  emeh 
cause  will  correspond  with  the  spring  and  aotomn  horn  tiie  other, 
and  a  curious  and  complicated  succession  of  seasons  must  ensue, 
depending  on  the  degree  of  obliquity  of  the  axis  of  the  plaaet« 
compared  with  the  effects  of  the  excentridty  of  its  oibit. 

In  comparing  the  calorific  influence  of  the  sun  on  Meicuiy  and 
the  earth,  it  must  be  remembered  that  the  actual  temperature  pro- 
duced by  the  solar  rays,  depends  on  the  density  of  the  atmosphere 
through  which  they  pass,  by  which  the  heat  is  collected  and 
diffused.  The  density  of  the  sun's  rays  above  the  snow-line  in  tiie 
tropics  is  as  great  as  at  the  level  of  the  sea,  but  the  temperatures  of 
the  air  and  surroimding  objects  are  extremely  different.  Notwith- 
standing, therefore,  the  greater  density  oi  the  solar  rays,  the  atmo- 
spheric conditions  of  the  planet  may  be  such  that  the  superficial 
temperature  may  not  be  different  from  that  of  the  earth. 

The  intensity  of  the  solar  light  must  be  greater  than  at  the  eartii 
in  the  ratio  of  four  to  one  when  the  planet  Ib  in  aphelion,  and  nine 
to  one  when  in  perihelion.  Its  effects  on  vision,  however,  may  be 
rendered  the  same  by  the  mere  adaptation  of  the  contractile  power 
of  the  pupil  of  the  eye.    (0.  362.) 

321.  Metbod  of  aaeertftlBliiff  tko  diwraal  rotatton  of  Um 
pUuieta. — One  of  the  most  interesting  objects  of  telescopic  inquiry 
regarding  the  condition  of  the  planets  is,  the  question  as  to  thdr 
diurnal  rotation.  In  general,  the  manner  in  wldch  we  should  seek 
to  ascertain  this  fact  would  be,  by  examining  with  powerftil  tele- 
scopes the  marks  observable  upon  the  disk  of  the  planet.  If  the 
planet  revolve  upon  an  axis,  these  marics,  being  carried  round  with 
it,  would  appear  to  move  across  the  disk,  firom  one  side  to  the  other ; 
they  would  disappear  on  one  side,  and,  remaining  for  a  time 
invisible,  would  reappear  on  the  other,  passing,  as  before,  across  the 
visible  disk.  Let  any  one  stand  at  a  distance  firom  a  common  ter- 
restrial globe,  and  let  it  be  made  to  revolve  upon  its  axis :  the  spec- 
tator will  see  the  geographical  marks  delineated  on  it,  pass  across 
the  hemisphere  which  is  turned  towards  him.  They  will  suc- 
cessively disappear  and  reappear.  The  same  effects  must,  of  course, 
be  expected  to  be  seen  upon  the  several  planets,  if  they  have  a 
motion  of  rotation  resembling  the  diurnal  motion  of  our  globe. 

322.  Biflonftj  of  this  qnestioii  in  tlio  o«so  ofMereviy* — 
This  is  a  species  of  observation  which  has  not  yet  been  successfully 
made  in  the  case  of  Mercury.  Sir  John  Herschel,  who  has  enjoyed 
more  than  common  advantages  forteleseopic  observation  under  dxf- 
lerent  dimates,  affirms,  that  lit^e  more  can  be  certainly  affirmed  of 
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Meteniy  than  that  it  is  globular  in  fonn^  and  exhibita  pbaaea,  and  that 
it  18  too  small  and  too  much  lost  in  the  constant  and  close  efiulgenoe 
of  the  sun  to  allow  the  further  discoveiy  of  its  physical  condition. 
-Other  observers,  howeTer,  claim  the  discoveiy  of  indications  not 
only  of  rotation  but  other  physical  characters.  Schroter  says,  that 
b T  examining  daily  the  appearance  of  the  cusps  of  the  crescent,  he 
ascertained  ^bat  it  has  a  motion  of  rotation  in  24^  5"  28'. 

323.  Allef«4  dlsearanr  of  monntmliuk — The  same  observer 
dslms  the  disoovery  of  mountains  on  Mercury,  and  even  assigns 
their  height,  estimating  one  at  2 1 32  yards,  and  another  at  1 8,978 

These  observations,  not  having  been  confirmed,  must  be  cpn- 
•Idered  apociyphaL 

in.  Veitub. 

324.  Verlod. — The  next  planet  proceeding  outwards  firom  the 
mm  is  Venus,  which  revolves  m  an  orbit  within  that  of  the  earth, 
and  which,  after  the  sun  and  moon,  is  the  most  splendid  object  in 
the  firmament 

The  synodic  period,  ascertained  by  observation,  is  584  days.  Her 
mean  sidereal  period  deduced  from  this  is,  therefore,  225  dfiys. 

Bj  otiier  methods  it  is  more  exactly  determined  to  be  2247 
days. 

If  the  earth's  period  be  taken  as  the  unit,  that  of  Venus  will, 
therefore,  be  0*6125. 

325.  Mean  and  astreme  <WitaiBoas  ftan  tkm  wmm  and 
aartti. — The  distances  of  Venus  from  the  earth  at  inferior  con- 
j  unction,  greatest  elongation,  and  superior  conjimction,  are  about 

25,296,000  miles  at  inferior  conjunction, 
62,500,000  miles  at  greatest  elongation, 
1 57,564,000  miles  at  superior  conjunction. 

The  excentridty  of  its  orbit  being  less  than  0*007,  these  distances 
from  the  earth  are  subject  to  very  little  variation  from  that  cause. 
The  extreme  distance  of  the  planet  firom  the  sun  ia  ' 

65^  millions  of  miles  in  perihelion,  and 
66^         „  „  aphelion. 

The  distances  of  Venus  fi^om  the  earth  are  subject  therefore  to  an 
increase  and  diminution,  amounting  to  half  a  xnillion  of  miles,  due 
to  the  excentricity  of  the  planet's  orbit,  and  one  and  a  half  million 
of  milee  due  to  that  of  the  earth's  orbit 

326.  Cta«at6st  aloBvatioii. — The  mean  amount  of  the  greatest 
elongation  of  Venus  has  been  found  by  observation  to  be  about  45^ 
or46^ 
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327.  Scale  oftHe  orbit  relattTo  to  tHat  of  tHoecwt^ — The 

relntioii  of  the  orbit  of  Venus  to  the  earth  is  represented  in^.  59, 
where  s  B  represents  the  earth's  distance  from  the  sun,  and  v  s  9  the 
mean  diameter  of  the  planet's  orbit  on  the  same  scale.  The  angles 
8  E 1/'  represent  the  greatest  elongation  of  the  planet,  which  is  about 
46®.  The  lesser  elongations  t/"  E  8  are  those  at  which  the  planet 
appears  with  less  than  a  full  disk,  or  gibbous,  as  at  t/",  or  as  a 
crescent,  as  at  t/. 

328.  Appmrent  motion. — Since  the  mean  value  of  the  greatest 
elongation  is  ascertained  to  be  46®,  the  angle  at  the  sun,  r"  8  B  =■ 
44**,  and  consequently  the  angle  t/'sr",  included  between  the 
greatest  elongations  east  and  west,  is  88®.  Since  the  time  taken 
by  the  planet  to  gain  this  angle  upon  the  earth  bears  the  same  ratio 
to  the  synodic  period  as  this  angle  bears  to  360®,  the  intervals  into 
which  the  synodic  period  is  divided  by  the  epochs  of  greatest  elon- 
gation, are 


88 
360  ^ 


584  =  142*8  days. 


272 
360 


X   584  =  441-2  days. 


The  intervals  between  inferior  conjunction  and  greatest  ebngs- 
tion  are  therefore  71 J  days,  and  the  intervals  ^between  superior 

conjunction  and  greatest  elon- 
gation are  220j^  days. 

329.  BtatlOBS  and  roiro* 
rreaaion. — From  a  compari- 
son of  the  orbital  motions  and 
distances  of  the  earth  and 
planet,  it  is  found  that  the 
epochs  at  which  it  is  stationary 
are  about  twenty-one  days  be- 
fore and  after  inferior  conjunc- 
tion. Now,  since  the  planet 
gains  o°'6 1 2  5  per  day  upon  the 
eoilh,  this  interval  corresponds 
to  an  angle  of  12° -9  at  the 
sun,  which  corresponds  to  sn 
elongation  of  about  25°  or  26^ 

The  arc  of  retrogression  is 
little  less  than  a  degree. 

330.  Condltloiis  whleb 
liaTour  tlio  obaerration  of  Venus. — This  planet  presents  itself 
to  the  observer  under  conditions  in  many  respects  more  favourahle 
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for  telescopic  examination  than  Mercuiy.  The  actual  diameter 
of  Venus  ia  more  than  twice  that  of  Mercuiy.  It  approaches 
nearer  to  the  earth  in  the  inferior  part  of  its  orhit  in  the  ratio  of 
1 3  to  30.  It  elongates  itself  from  the  sun  to  the  distance  of  46^, 
while  the  elongation  of  Mercuiy  is  limited  to  22^^  The  latter  is 
never  seen,  except  in  strong  twilight  Venus,  especially  in  the 
lower  latitudes,  is  seen  at  a  considerahle  elevation  long  after  the 
cessation  of  evening  and  before  the  commencement  of  morning 
twilight,  and  when  she  has  a  gibbous  or  a  crescent  phase.  The 
planet  appears  brightest  when  its  elongation  is  about  40®  in  the 
superior  part  of  her  orbit 

331.  Bvanlsff  and  mamiiiir  star. — Xinelfer  and  Bespems. 
—  This  planet  for  these  reasons  is,  next  to  the  sun  and  moon,  the 
most  conspicuous  and  beautiful  object  in  the  firmament  When  it 
has  ^westem  elongation,  it  rises  before  the  sun,  and  is  called  the 
MOKSTSQ  STAB.  When  it  has  eastern  elongation,  it  sets  after  the 
son,  and  is  called  the  eveionq  stab. 

The  ancients  gave  it  in  the  former  position,  the  name  of  Lucifeb 
(the  harbinger  of  day),  and  in  the  latter  that  of  Hespebus. 

332.  Aypavent  diameter.  —  Owing  to  the  great  difference 
between  its  distance  from  the  earth  at  inferior  and  superior 
conjunctions,  the  apparent  diameter  of  this  planet  varies  in  magni- 
tude within  wide  limits.  At  superior  conjunction  it  is  only  10'^, 
from  which  to  inferior  conjunction  it  gradually  enlarges  until  it 
becomes  62^^,  and  in  some  positions  even  so  much  as  76'^.  At  its 
greatest  elongation  its  apparent  diameter  is  about  25'',  and  at  its 
mean  distance  i6^^^ 

333.  Bifloultles  attendlBc  tlie  telescopic  obscrvatton  of 
▼•ana. — Notwithstanding  this,  the  greatest  difficulties  have 
attended  the  telescopic  observation  of  this  planet  when  any  special 
accuracy  is  required.  It^  intense  lustre  dazzles  the  eye,  and  ag- 
gravates aU  the  optical  imperfections  of  the  instrument  In  some 
cases,  however,  the  image  of  the  planet  is  improved  and  the  great 
lustre  destroyed,  if  a  slightly  green-coloured  glass  be  placed  before 
the  eye-glass  of  the  telescope,  in  a  similar  manner  as  darkened 
glasses  are  used  for  observations  of  the  sun. 

The  low  altitudes  at  which  the  observations  are  generally  made, 
omstitute  another  difficulty,  the  irregullr  effects  of  refraction 
interfering  mnterially  with  the  appearance.  Some  observers  have 
consequently  contended  that  the  best  position  for  observations 
upon  it,  is  near  superior  conjunction,  when  its  phase  is  full,  and 
when  by  proper  expedients  it  may  be  observed  at  midday  within 
a  few  degrees  of  the  sun's  disk. 

The  planetcan,  however,  be  favourably  observed  vnth  amoderately 
good  telescope,  i^ut  the  time  of  greatest  elongation,  during  any 
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part  of  ike  day  within  the  limits  of  three  hours  before  and  alter 
the  meridian  passage,  bj  taking  the  precaution  of  using  the  aligbtlj 
coloured  glass  previously  mentioned. 

334.  Seal  dlaasetmr.  —  The  linear  value  of  i'^  at  Venus,  when 
she  appears  as  a  thin  crescent  near  her  inferior  conjnnctioo,  is 
1 22*6  miles.  At  this  distance  her  apparent  diameter  is  61'' ;  and 
her  real  diameter  about  7510  miles.  The  magnitude  of  Venua  is^ 
therefore,  nearly  equal  to  that  of  the  earth. 

335.  Maaa  Mid  daaafty. — By  the  methods  already  explained, 
it  has  been  ascertained  that  the  mass  of  Venus  is  less  than  that 
of  the  earth  in  the  ratio  of  89  to  100 :  and  as  the  volumea  are 
ueariy  equal,  their  densities  are  also  nearly  equal. 

336.  Soperfletal  fimTitgr.  —  All  the  conditions  which  mSe&k 
the  gravity  of  bodies  on  the  surface  of  Venus  being  the  same,  or 
nearly  so,  as  those  which  ttfkct  bodies  on  the  earth,  the  supeificial 
gravity  is  nearly  the  same. 

337.  Solar  liclKt  and  hmmt.  —  The  density  of  the  solar  rays  is 
greater  than  upon  the  earth  in  the  inverse  ratio  of  the  squarea  of 
the  numbers  7  and  10,  which  express  their  distances  &om  the  sun. 
The  intensity  is,  therefore,  greater  at  Venus  in  Hie  ratio  of  2  to  I. 

The  relative  apparent  magnitudes  of  the  sun's  disk  at  Venus  and 
the  earth  are  represented  at  T  and  E,^.  60.    Owing  to  the  veiy 

small  excentricity  of  the  oibit, 
this  magnitude  is  not  subject 
to  any  very  sensible  variation. 
338.     Xotatloa  —  pro* 
Fig.te.  babla      momitalBa*  —  Al- 

though there  is  very  little 
doubt  of  the  fact  that  this  planet  has  a  diurnal  rotation  analogous 
to  that  of  the  earth,  the  observations  which  might  have  been  ex- 
pected to  demonstrate  it  in  a  satisfactory  maimer  have  been 
obstructed  by  the  causes  already  noticed  (333)*  Neverthdess 
Cassini,  in  the  1 7th  century,  and  Schroter  towards  the  close  of 
the  1 8th,  with  instruments  very  inferior  to  the  telescopes  of  the 
present  day,  deduced  from  the  phases  a  period  of  rotation  in 
complete  accordance  with  the  results  of  the  most  recent  obser- 
vations. 

These  astronomers  found  that  the  points  of  tbe  boms  of  the 
crescent  observed  between  inferior  conjunction  and  greatest 
elongation,  appeared  at  certain  moments  to  lose  their  sharpness,  and 
to  become  as  it  were  blunted.  This  appearance  was,  however,  of 
very  short  duratiox^,  tbe  horn  after  some  minutes  always  recovering 
its  sharpnens.  Such  an  effect  would  obviously  be  produced  by  a 
local  irregularity  of  surface  on  the  planet,  such  as  a  lofty  mountain 
which  would  throw  a  long  shadow  over  that  part  of  the  surface 
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wliieh  iRrould  form  the  point  of  the  horn.  Now,  admitting  this  to 
be  the  cause  of  the  phenomenon,  it  ought  to  be  reproduced  by  the 
same  mountain  at  equal  intervals,  this  interval  being  the  time  of 
Totftdon  of  the  planet  Such  a  periodical  recurrence  was  accord- 
in^y  aacertained. 

From  fmch  observations  the  elder  Cassini,  so  eariyas  1667,  inferred 

the  time  of  rotation  of  the  planet  to  be  23*"  16*,  a  period  not  yeiy 

diflerent  firom  tiiat  of  the  earth.    Soon  after  this,  Bianchini,  an 

Italian  astronomer,  published  a  series  of  observations  tending  to 

call  in  doubt  the  result  obtained  by  Cassini,  and  showing  a  period 

<tf  576  hours.    Sir  'William  Herschel  resumed  the  subject,  aided 

hy  hia  powerM  telescopes,  in  1 780,  but  without  arriving  at  any 

satiafiustoiy  result,  except  ike  fact  that  the  planet  is  invested  with 

a  yeiy  dense  atmosphere.    He  found  the  cusps  (contrary  to  the 

obeervations  of  Cassini,  and,  as  we  shall  see,  of  more  recent  astro- 

DomeTs)  always  sharp,  and  free  from  irregularities.    Schroter  made  . 

a  series  of  most  elaborate  observations  on  this  planet,  with  a  view 

to  the  determination  of  its  rotation.    He  considered  not  only  that 

he  saw  periodical  changes  in  the  form  of  the  points  of  the  horns, 

but  also  spots,  which  had  sufficient  permanency  to  supply  satisfactory 

indications  of  rotation.    From  such  observations  he  inferred  the 

time  of  rotation  to  be  23*  21"*  7"98.    From  observations  upon 

the  horns,  he  inferred  also  that  the  southern  hemisphere  of  the 

planet  was  more  mountiunous  than  the  northern;  and  he  attempted 

from  observations  on  the  bluntness  periodically  produced  on  the 

aoathem  point  of  the  crescent,  to  estimate  the  height  of  some  of  the 

mountains,  which  he  inferred  to  amount  to  the  almost  incredible 

altitude  of  twenty-two  miles. 

340.  Obaarvatloiia  of  MM.  Beer  and  Madler.  —  Time  ef 
roftatloB. — Although  the  estimate  of  the  planet's  rotation  resulting 
from  the  observations  of  Schr6ter,  corroborating  those  of  Cassini, 
has  been  generally  accepted  by  the  scientific  world,  the  question  was 
not  regarded  as  definitively  settled ;  and  a  series  of  observations  was 
made  by  MM.  Beer  and  Madler,  between  1833  and  1836,  which 
went  fur  to  confirm  the  conclusions  of  Cassini  and  Schroter ;  and 
the  still  more  recent  observations  of  De  Vice  at  Rome  may  be 
conridered  as  removing  aU  doubt  that  the  period  of  the  planet's 
rotation  does  not  vary  much  from  23^^. 

341.  Beer  and  Midler'a  diacrama  of  Venna.  —  In^.  61, 
are  represented  a  series  of  eighteen  diagrams  of  the  planet,  selected 
from  a  much  greater  number  made  by  MM.  Beer  and  Madler  at  the 
dates  indicated  above.  These  drawings  were  taken  when  the 
planet  was  approaching  inferior  conjunction,  the  planet  being 
observed  either  before  sunset  or  during  twilight 
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If  the  surface  of  the  planet  were  exempt  from  confiiderable 
inequalities,  the  concave  edge  of  the  crescent  would  be  a  sensifale 
ellipse,  subject  to  no  other  deficiency  of  perfect  regularity  and 
sharpness,  save  such  as  might  be  explained  by  the  gradual  faintnese 
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of  illumination  due  to  the  atmosphere  of  Yenus.  The  mere 
inspection  of  the  diagrams  is  enough  to  show  that  such  is  not  the 
appearance  of  the  disk.  Irregularities  of  curvature  and  of  the  forms 
of  the  cusps  are  apparent,  which  can  only  arise  from  corresponding 
irregularities  of  the  surface  of  the  planet  If  the  want  of  sharpness 
in  the  horns  of  the  crescent  arose  from  any  effect  produced  by  the 
terrestrial  atmosphero  on  the  optical  image  of  the  disk  it  would 
equally  affect  both  cusps.  Several  of  the  diagrams,  for  example 
fig^,  I,  2,  3,  7,  8,  1 5,  17,  are  at  variance  with  such  an  hypotheds, 
the  cusps  being  obviously  different  in  form. 

In  corroboration  of  the  observations  of  Schroter,  it  was  ascer- 
tained that  the  southern  cusp  was  subject  to  greater  and  more 
frequent  changes  of  form  than  the  northern,  from  which  it  was 
inferred  that  the  southern  hemisphero  of  the  planet  is  the  more 
mountainous.  It  is  remarkable  that  the  same  character  is  found 
to  prevail  on  the  moon. 

It  was  not  only  observed  that  the  irregularities  of  the  concave 
edge  of  the  crescent  wero  subject  to  a  change  visible  from  5*  to 
5™,  but  that  the  same  forms  wero  reproduced  after  an  interval 
of  23^**,  subject  to  an  error  not  exceeding  from  5  to  10  minutes. 

342.  More  reoent  obaerratloiis  of  Be  Vieo. — M.  De  Vico, 
observing  at  a  still  later  date  at  Home,  favoured  by  the  clear  sky 
of  Italy,  made  several  thousand  measurements  of  the  planet  in  its 
phasesy  the  general  result  of  which  is  in  such  complete  accordance 


THE  TERRESTRIAL  PLANETS.— VENUS.       205 

^with  those  of  MM.  Beer  and  Madler,  tliat  the  fact  of  the  planet's 
Totation  may  he  now  regarded  as  satisfactorily  demonstrated^  and 
tliat  its  period  does  not  differ  much  from  23^  15". 

343.  Blreotioii  of  tlie  ttzJa  of  rotatton  nnasoeitalaed. —  If 

such  difficulties  have  attended  the  mere  determination  of  the 
xotation^  it  will  he  easily  conceiyed  that  those  which  have  at- 
tended the  attempts  to  ascertain  the  direction  of  the  axis  of 
xotation  have  heen  much  more  insurmountahlo.  The  ohserrations 
mbore  described,  by  which  the  rotation  has  been  established, 
supply  no  ground  by  which  the  direction  of  the  axis  could  be 
ascertained.  No  spot  has  been  seen,  the  direction  of  whose  motion 
acmld  indicate  that  of  the  axm,  It  was  conjectured,  with  little 
yiobability,  by  some  observers,  that  the  axis  was  inclined  to  the 
orbit  at  the  angle  of  75^  This  conjecture,  however,  has  not  been 
eoD  firmed. 

544.  Twmfbt  on  ▼omia  and  Merenrr.— The  existence  of 
an  extensive  twilight  in  these  planets  has  been  well  ascertained. 
3y  observing  the  concave  edge  of  the  crescent  which  corresponds 
to  the  boundary  of  the  illuminated  and  dark  hemispheres,  it  is 
found  that  the  enlightened  portion  does  not  terminate  suddenly, 
but  there  is  a  gradual  fading  away  of  the  light  into  the  darkness, 
produced  by  the  band  of  atmosphere  illuminated  by  the  sun  which 
overhangs  a  part  of  the  dark  hemisphere,  and  produces  upon  it  the 
phenomena  of  twilight 

Some  observers  have  seen  on  the  dark  hemisphere  of  the  planet 
Venus  a  faint  reddish  and  greyish  light,  visible  on  parts  too  distant 
finom  the  illuminated  hemisphere  to  be  produced  by  the  light  of 
the  sun.  It  was  conjectured  that  these  effects  are  indications  of 
the  play  of  some  atmospheric  phenomena  in  this  planet  similar  to 
the  mtrcra  borealis. 

It  may  be  stated  generally,  that  so  far  as  relates  to  the  physical 
condition  of  the  interior  planets,  the  whole  extent  of  our  certain 
knowledge  of  them  is,  that  they  are  globes  like  the  earth,  illu- 
minated and  warmed  by  the  sun;  that  they  are  invested  with 
atmospheres  probably  more  dense  than  that  of  the  earth ;  and  since 
obei^rvations  render  probable  the  existence  of  vast  masses  of  clouds 
on  Venus,  if  not  on  Mercury,  analogy  justifies  the  inference  that 
liquids  exist  on  these  planets. 

345.  aplMroiamlform«iiaaeertaiiied — aaspeoted  satelUto. 
—  One  of  the  p)^enomena  from  which  the  rotation,  as  well  as  the 
direction  of  the  axis,  might  bo  inferred,  is  the  spheroidal  form  of 
the  planet  To  ascertain  this  by  observations  of  the  disk,  it  would 
be  necessary  to  see  the  planet  with  a  full  phase.  But  when  the 
inferior  planets  have  that  phase,  they  are  near  superior  conjunction, 
and  thmfoie  lost  in  the  solar  light    It  has  been  nevertheless 
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contended,  that  when  Venus  is  most  remote  from  her  node,  she  is 
sufficiently  remored  from  the  plane  of  the  ecliptic  to  be  obsenred 
with  a  good  telescope  at  noon  when  in  superior  coojunctioii.  No 
obserrntion,  howerer,  of  this  kind  has  ever  yet  been  made^  and  the 
spheroidal  form  of  the  planet  is  unascertained. 

This  planet  was  observed  with  the  transit-circle  at  the  Royal 
Obeerratory^  Greenwich^  on  the  19th  of  February,  1 858,  when 
veiy  near  superior  conjunction,  the  interval  of  time  between  the 
passages  of  the  planet  and  son  over  the  meridian  being  less  than 
six  minutes.    The  image  of  Venus  was,  however,  very  tremulona 

Several  observers  of  the  last  two  centuries  concurred  in  main- 
taining that  they  had  seen  a  satellite  of  Venus.  Oassini,  the  elder, 
imagined  he  saw  such  a  body  near  the  planet  on  the  Z5th  of 
January,  167  2,  and  again  on  the  27th  of  August,  1686 ;  Short,  tlie 
well-known  optical  instrument  maker,  on  the  3rd  of  November, 
1740 ;  Montaigne,  the  French  astronomer,  in  May,  1761 ;  several 
observers  in  March,  1 764,  all  agree  in  reporting  observatioiia  of 
such  a  body.  In  each  case  the  phase  was  similar  to  that  of  Venus, 
and  the  apparent  diameter  about  a  fourth  of  that  of  the  planet.  By 
collecting  these  observations,  Lambert  computed  the  orbit  of  the 
supposed  satellite. 

In  opposition  to  all  this,  it  may  be  stated  that  notwithstanding 
the  immmse  improvement  in  optical  instruments,  and  especially 
in  the  construction  of  telescopes  of  power  far  surpassing  anj  of 
which  the  observers  before  the  present  century  were  in  posseoaion, 
no  trace  of  such  a  body  has  been  detected,  although  obeeorers  have 
increased  in  number,  activity,  and  vigilance,  in  a  proportion 
greater  still  than  that  of  the  improvement  of  telescopes.  It  must, 
^erefore,  be  concluded,  at  least  for  the  present,  that  the  supposed 
appearances  recorded  by  former  observers  were  illusiTe. 

IV.  Mabs. 

346.  Voaltiott  to  tkm  ayatam. — Proceeding  outwards  from  th^ 
sun,  the  next  planet  in  the  order  of  distance  is  tiie  earUi.  The 
next  in  succession  is  Mabs,  whose  orbit  circumscribes  that  of  the 
earth. 

347.  Variod* —  The  synodic  period  of  Mars  is  found  by  obaerva- 
tion  to  be  780  days,  and  the  sidereal  period  686*98  days. 

The  earth's  period  being  taken  as  the  unit,  the  period  of  Mars 
will  therefore  be  i'88i.  ^ 

348.  Maaa  dlstaaoe  ftvoi  tbm  swi. — The  mean  distance  of 
Mars  from  the  sun  is  1*5237,  that  (^tiie  earth  being  unity;  or  in 
roimd  numbers  about  139  millions  of  miles. 

349- 
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Mm  Mid  ^mrttu — The  excentricity  of  the  orbit  of  Mars  being 
about  0-0933,  ^^  distance  from  the  son  is  eubject  to  a  Tariation, 
the  extreme  amount  of  which  is  leas  than  one-tenth  of  its  mean 
value.    The  extreme  distances  are 

1 52^  millions  of  miles  in  apheHon, 
126^  millions  of  miles  in  perihelion. 

It  appears,  therefore,  that  the  mean  distances  of  the  planet  from 
the  earth  are 


In  opposition 
In  conjunction  • 
In  quadrature 


47}  millions  of  miles, 
230}  millions  of  miles, 
104    millions  of  miles, 


These  distances  are  subject  to  yariation,  whose  extreme  limit 
is  about  1 5  millions  of  miles,  owing  to  the  combined  effects  of  the 
exoentridties  of  the  two  orbits.  Although  the  mean  distance  of 
the  planet  in  opposition  from  the  earth  is  about  half  the  distance 
of  the  sun,  it  may  in  certain  positions  of  the  orbit  come  within  a 
distance  of  3  5  hundredths  of  the  sim's  distance.  In  the  opposition 
which  took  place  in  September,  1 830,  the  distance  of  the  planet 
was  only  38  hundredtha  of  the  sun's  mean  distance. 

350.  Soale  of  erbit  relatlTeljr  to  that  of  tHe  eartii.^  If  8, 
Jig.  62,  represent  the  position  of  the  sun,  and  8  M  the  distance  of 

Mars,  the  orbit  of  the  earth  will  be  represented  by  B  s' W. 

351.  Btvlsloiioftlie 
synodic  period. — The 
earth  is  at  x''^  wlien 
Mars  is  in  conjunction, 
at  s^  when  in  quadrature 
west  of  the  sun,  at  £ 
when  in  opposition,  and 
at  s^'  when  in  quadrature 
east  of  the  sun. 

The  angle  of  elonga- 
tion 8  X'  M  being  90^, 
and  the  mean  value  of 
8  X  being  1-52,  that  of 
8  ^  being  expressed  by 
I,  it  foUowB  that  the 
angle  x^sx  will  be  about 
48**,  and  therefore  e'sb'' 
=  180*'— 48*^=1 3  2^ 

Since  the  synodic  pe- 
riod is  780  days,  the 
mean  time  between  qua- 
dxatnie  and  opposition 
will  be 


j'lf.fik 
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j^   X  780  =  104  days; 
360 

and  the  mean  lime  between  quadrature  and  conjunction  will  be 

i|i  X  780  =  286  days. 
300 

352.  App«reat  metloiu — The  yarious  changes  of  the  apparent 

positions  of  the  planet  and  sun  during  the  synodic  period  may, 
therefore,  be  easily  explained.  At  conjunction  the  earth  being*  at 
£%  the  planet  and  sun  pass  the  meridian  together.  In  this  case^ 
the  planet  being  aboTe  the  horizon  only  during  the  day,  is  not 
visible.  After  conjunction,  the  planet  passes  the  meridian  in  the 
forenoon,  and  is  therefore  visible  above  the  eastern  horizon  before 
sunrise.  Before  conjunction  it  passes  the  meridian  in  the  after- 
noon, and  is  therefore  visible  above  the  western  horizon  jfter 
sunset  ^^ 

At  the  time  of  the  western  quadrature,  the  earth  being  at  x',  the 
planet  passes  the  meridian  about  6  A.K.,  and  at  the  time  of  westen 
quadrature,  the  earth  being  at  b'^,  it  passes  the  meridian  about  6  p.x. 
The  planet  has  these  positions  about  286  days,  more  or  less,  after 
and  before  its  conjunction. 

At  the  time  of  opposition,  the  earth  being  at  E,  the  planet  passes 
the  meridian  at  midnight ;  and  is  therefore  above  the  horizon  from 
sunset  till  sunrise.  Before  opposition  it  passes  the  meridian  before 
midnight,  and  is  above  the  horizon  chiefly  during  the  later  part  of 
the  night,  and  after  opposition  it  passes  tlie  meridian  after  mid- 
night, and  is  therefore  above  the  horizon  chiefly  during  the  eariier 
part  of  the  night. 

The  interval  during  which  it  is  visible  more  or  lees  in  the 
absence  of  the  sun,  being  that  during  which  it  passes  from  western 
to  eastern  q^undrature  through  opposition  is,  in  the  case  of  Man, 
208  days. 

353.  BtattoBs  and  retrofreaslon* — The  elongations  at  which 
Mars  is  stationary,  and  the  lengths  of  his  arc  of  retrogression,  vanr 
to  some  extent  with  the  distances  of  the  planet  from  the  sun  and 
earth,  which  distances  depend  on  the  ellipticity  of  the  two  orbits, 
and  the  direction  of  their  major  axes.  In  1 860,  Mars  was  in 
opposition  on  the  17th  of  July,  and  was  stationary  on  the  17th  of 
June  and  1 8th  of  August    The  right  ascension  on  these  days  was, 

1 7th  of  June    .    B.A.         =         20**  1 3"  49' 
i8th  of  August     B.A.         =  19    27    19 

Difference    =  46    30 

It  follows,  therefore,  that  the  atent  of  retrogression  in  right 
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•soenaQn  at  this  oppoeition  was  46"  30*^  which  reduced  to  angular 
magnitiide  is  1 1^  3/  30'^ 

3  $4.  9bmM—* — At  opposition  and  conjunction  the  same  hemi- 
sphere being  turned  to  the  earth  and  sun,  the  planet  appears  with 
a  full  phase.  In  all  other  positions  the  lines  drawn  from  the  planet 
to  the  earth  and  sun,  making  with  each  other  an  acute  angle  of 
greater  or  lees  magnitude,  the  phase  will  be  deficient  of  complete 
fulness,  and  the  planet  will  be  gibbous,  more  so  the  nearer  it  is  to 
its  quadrature,  in  which  position  the  lines  drawn  to  the  earth  and 
sun  make  the  greatest  possible  ang^e,  which  being  the  complement 
of  b'  s  Mr  Jig.  62,  will  be  90*^—48^=42**.  Of  the  entire  hemisphere 
presented  to  the  esrth,  138^  will  therefore  be  enlightened  and  42^ 
dark.  The  corresponding  form  of  the  disk,  as  can  easily  be  deduced 
from  the  common  principles  of  projection,  will  be  that  which  is  re^ 
presented  in^.  63 ,  the  dark  part  being  indicated  hy  the  dotted  line. 

The  gibbosity  will  be  less,  the  nearer  the  planet  approaches  to 
opposition  or  conjunction. 

355.  Apparent  mad  real  dlaaMter. — The  apparent  diameter 
of  Mars  in  opposition  varies  between  rather  wide  limits,  in  conse- 
quence of  the  yariation  of  its  distance  from  the  earth  in  that 
pomtion,  arising  from  the  causes  explained  above.  When  at  its 
mean  distance  at  opposition  the  apparent 

magnitude  does  not  exceed  16'',  and  at  con- 
junction it  is  reduced  to  3 ''7. 

In  1 830,  soon  after  opposition,  when  its 
distance  from  the  earth  was  38*4  millions 
of  miles,  it  exhibited  a  diameter  of  23^''; 
the  linear  value  of  i^'  at  that  distance  bcdng 
1 8  $'7  miles,  which  gives  for  the  real  diameter 
4363  miles. 

356.  solar  UftotftBd beat. — The  mean  Fif.ds. 
di^ance  of  the  earth  from  the  sun  being 

leas  than  that  of  Mars  in  the  ratio  of  10  to  1 5,  the  apparent  dia- 
meter of  the  sun  as  seen  from  Mars  will  be  less  than  its  diameter 
aa  seen  from  the  earth  in  the  same  ratio.  If  it,Jtg.  64,  represent 
the  apparent  disk  of  the 
sun  as  seen  from  the 
earth,  x  will  represent 
its  I4ypar0nt  disk  as  seen 
from  Biars. 

Since  the  density  of    

Hie  solar  radiation  de-  Fig.  64. 

creases  as  the  square  of 

the  distance  increases,  its  density  at  Mars  will  be  less  than  at  the 

•arthin  the  ratio  of  4  to  9, 

? 
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-  So  £tf  AS  the  iUuminatiiig  and  heating  powen  of  the  solar  njt 
depend  on  their  density,  thej  will;  therefozei  be  lees  in  the  same 
proportion. 

357.  Botntloa.— There  is  no  body  of  the  solar  sfstem,  the 
moon  alone  excepted,  which  has  been  sabmitted  to  such  rigorous 
and  successful  telescopic  examination  as  BCars.  Itai  proximitj 
to  the  earth  in  opposition,  when  it  is  seen  on  the  meridian  at 
midnight  with  a  fiill  phase,  affords  great  facility  for  this  kind  of 
observation. 

By  observing  the  permanent  lineaments  of  light  and  shade 
exhibited  by  the  disk,  its  rotation  on  its  axis  can  be  dietinctiy 
seen,  and  has  been  ascertained  to  take  x^ace  in  24^  37"  23% 
the  axis  on  which  it  revolves  i^pearing  to  be  inclined  to  the 
plane  of  the  planet's  orbit  at  an  angle  of  28^  27'.  The  exact 
direction  of  the  axis  is,  however,  still  subject  to  some  imc^^ 
<tainty. 

358.  Basra  and  nivlita. — It  thus  appears  that  the  days  and 
nights  in  Mars  are  nearly  the  same  as  on  the  earth,  that  the  jsmr 
is  diversified  by  seasons,  and  the  surface  of  the  ]^anet  by  sones 
and  dimatee  not  very  different  finom  those  which  prevail  on  our 
globe.  The  tropics,  instead  of  being  23**  28',  are  28*  27'  fitmi 
tiie  equator,  and  the  polar  circles  ore  in  the  same  proportaon  more 
extended. 

359.  Seaaona  and  olimatea.— The  year  oonsLsts  of  668  Mar- 
tial days  and  16  hours^  the  Martial  being  longer  than  the  terreetnal 
day  in  the  ratio  of  100  to  97. 

Owing  to  the  excentricity  of  the  planet's  orbit,  the  summer  on  the 
northern  hemisphere  is  shorter  than  on  the  southern  in  the  ratio  of 
100  to  79,  but  owing  to  the  greater  proximity  of  the  sun,*  the 
intensity  of  its  light  and  heat  during  the  shorter  northern  summer 
is  greater  than  during  the  lopger  southern  summer  in  tiie  ratio  of 
145  to  100.  From  the  same  causes,  the  longer  northern  winter 
is  less  inclement  than  the  shorter  southern  winter  in  the  same 
proportion. 

There  is  thus  a  complete  compensation  in  both  seasons  in  the 
two  hemispheres. 

The  duration  of  the  seasons  in  Martial  days  in  the  northern 
hemisphere  is  as  follows : — spring  192,  summer  1 80,  autumn  1 50, 
winter  147. 

360.  Obaerratioiia  and  raaeareliaa  ef  Meaara.  Beer  and 
Mildlarto —  It  is  mainly  to  the  persevering  labours  of  these  eminent 
observers  that  we  are  indebted  for  all  the  physical  information  we 
possess  respecting  the  condition  of  the  siu'&ce  of  this  planet. 
Their  observations,  commenced  at  an  early  epoch,  vrere  regularly 
oiganiBed  at  the  time  of  the  opposition  of  I030,  with  a  view  to 
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•acertatn  with  certainty  and  preciaion  the  time  of  rotation  df  thid' 
planety  the  position  of  its  axis,  and,  so  far  as  might  be  practicaEle,. 
h  survey  of  its  ^ufaoe.  These  observations  have  been  continued^ 
during  eveiy  succeeding  opposition,  in  which  the  planet  having- 
northern  declination  rose  to  a  sufficient  altitude,  and  was  made* 
visiMe  by  a  telescope  by  Fraunhofer  of  four  and  a  half  feet  focal' 
lengthy  paiaUactically  mounted,  and  moved  by  clock  work)  so  as  to 
keep  tiie  planet  in  the  field  of  view  notwithstanding  the  diurnal' 
motion  of  the  earth* 

361.  Ar^bcraplilo  ohaimetar. — That  many  of  the  lineaments 
obeerved  are  areographic,  and  not  atmospheric,  is  established  be-* 
yoDd  all  contestation  by  their  permanency.  They  are  not  always 
visible,  and  when  visible  not  always  equally  distinct;  but  are* 
observed  to  retain  the  same  forms,  no  matter  how  distant  may  be' 
the  intervals  at  which  they  may  be  submitted  to  examination.^ 
The  ^borate  researches  and  observations  of  MM.  Beer  and  Madler, 
"which  commenced  with  the  opposition  of  1 83O;  were  continued 
with*  miwearied  assiduity  in  every  succeeding  opposition  of  the* 
planet  for  twelve  years,  so  far  as  the  varying  declination  and  the' 
state  of  the  weather  at  the  epochs  of  the  oppositions  permitted. 
The  same  spots,  characterised  by  the  same  forms,  and  the  same ' 
varieties  of  light  and  shade,  were  seen  again  and  again  in  each' 
sacceeding  opposition.  Changes  of  appearance  were  manifest,  but' 
through  those  changes  the  permanent  features  of  the  planet  were 
always  discerned ;  just  as  the  seas  and  continents  of  the  earth  may 
be  imagined  to  be  distinguishable  through  the  occasional  openings 
in  the  clouds  of  our  atmosphere  by  a  telescopic  observer  stationed* 
00  Mars. 

362.  Teleseoplo  Tlewa  of  Mars — •roofrapbio  oliarta  of  UiO' 
two  lAomlsplieros. — A  large  collection  of  drawings  of  the  various 
hemispheres  of  Mars  presented  to  the  observer  has  been  made  by 
MM.  Beer  and  Madler.  Thirty-five  were  made  during  the  oppo-^ 
sition  of  1830,  upwards  of  thirty  during  that  of  1837,  and  forty 
during  that  of  1841,  from  a  comparison  of  which,  charts  Were 
made,  showing  the  permanent  areographio  lineaments  of  the' 
northern  and  southern  hemispheres. 

In  Plate  XVII.  we  have  given  six  views,  selected  from  those 
of  Beer  and  Madler,  with  the  dates  subjoincni.  In  Plate  XVIII.^ 
are  given  the  areographic  charts  of  the  two  hemispheres.  It  will 
be  observed,  that  as  each  spot  approaches  the  edge  of  the  disk,  its' 
apparent  form  is  modified  by  the  efiect  of  foreshortening,  owing  to 
the  obliquity  of  the  surface  of  the  planet  to  the  visual  ray. 

363.  Folar  snow  obaerrod. —  All  the  lineaments  exhibited  in 
these  drawings  were  found  to  be  permanent,  except  the  remarkitble 
lirhite  spots  which  cover  the  polar  regions.    Hiese  circular  area** 
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presented  the  appearance  of  a  daizling  whitenesa^  and  one  of  1 
was  80  exactly  defined  and  so  sharply  terminated^  that  it  aeemed 
like  the  full  disk  of  a  small  and  very  briUiant  planet  projected 
upon  the  disk,  and  near  the  edge  of  a  larger  and  darker  one.  Tbe 
appearance,  position^  and  changes  of  these  white  polar  spots  have 
suggested  to  all  the  observers  who  have  witnessed  them,  tJie  sup- 
position that  they  proceed  from  the  polar  snows  accumulated 
during  the  long  winter,  and  which,  during  the  equally  protracted 
summer  by  exposure  to  the  solar  rays,  more  full  by  7**  than  at  tiia 
poles  of  llie  earth,  are  partially  dissolved,  so  that  the  diameter  of 
the.  snow  circle  is  diminished. 

The  increase  and  diminution  of  this  white  circle  takes  place  at 
epochs  and  in  positions  of  the  axis  of  the  planet  such  as  axe  m 
complete  accordiuice  with  this  supposition. 

364.  Foattloa  of  areegimphie  meiidlami  determined* — The 
leg  and  foot-shaped  spot  marked  pn  in  the  southern  hemisphere, 
was  distinctly  seen  and  delineated  in  all  the  oppositions.  This  was 
one  of  the  spots  from  the  apparent  motion  of  which  the  time  of  rota- 
tion was  deduced. 

The  spot  a  in  the  southern  hemisphere  connected  with  a  laige 
adjacent  spot  by  a  sinuous  line,  was  also  one  of  those  whose  posi- 
tion was  most  satisfactorily  established.  This  i^t  was  selected,  aa 
the  observatory  of  Greenwich  has  been  upon  the  earth,  to  mark  the 
meridian  from  which  longitudes  are  reckoned. 

The  spot  efhj  chiefly  situate  in  the  southern,  but  projecting  into 
the  northern  hemisphere,  between  the  90th  and  105th  degrees  of 
longitude,  was  also  well  observed  on  repeated  occasions.  * 

According  to  MSdler,  the  reddish  parts  of  the  disk  are  chiefly 
those  which  correspond  to  40^  long,  and  15®  lat  S. 

The  two  concentric  dotted  circles  marked  round  the  south  pole, 
indicate  the  limits  of  the  white  polar  spot  as  seen  on  difierent  occa- 
sions in  1 830  and  1 837.  The  redness  of  this  planet  is  much  more 
remarkable  to  the  naked  eye  than  when  viewed  with  the  telesoope. 
In  some  cases,  during  the  observations  of  MM.  Beer  and  Madler,  no 
redness  was  disooverable,  and  when  it  was  perceived  it  was  so  £iint 
that  different  observers  at  the  same  moment  were  not  agreed  as  to 
its  existenoe.  It  was  foimd  that  the  prevailing  odour  of  the  qpots 
was  generally  yellow  rather  than  red. 

Independently  of  any  eflect  which  could  be  ascribed  to  projection 
or  foreshortening,  it  was  found  that  the  lineaments  were  always 
seen  with  much  greater  distinctness  near  the  centre  of  the  disk 
than  towards  its  borders.  This  is  precisely  the  effect  which  might 
be  expected  from  a  dense  atmosphere  surrounding  the  planet 

365.  »eaalble  satellite  of  Man. — Analogy  naturally  suggests 
the  probability  that  the  planet  Mars  might  have  a  moon.    These 
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ftttendants  appear  to  be  supplied  to  the  planets  in  augmented 
numbers  as  they  recede  from  the  sun ;  and  if  this  analogy  were 
eomplete,  it  woiidd  justify  the  inference  that  Mars  must  at  least  haye 
one,  bdng  more  remote  from  the  sun  than  the  earthy  which  is  sup- 
plied -wi^  a  satellite.  No  moon  has  ever  been  discovered  in  con- 
nection  with  Mars.  It  has^  however,  been  contended  that  we  are 
not  therefore  to  conclude  that  the  planet  is  destitute  of  such  an 
appendage ;  for  as  all  secondary  planets  are  much  less  than  their 
primaries,  and  as  Mars  is  by  far  the  smallest  of  the  superior  planets, 
its  satellite,  if  such  existed,  must  be  extremely  smaU.  The  second 
aatellite  of  Jupiter  is  only  the  forty-third  part  of  the  diameter  of  the 
planet ;  and  a  satellite  which  would  only  be  the  forty-third  part  of 
the  diameter  of  Mars,  would  be  under  one  hundred  miles  in  dia- 
meter. Such  an  object  could  scarcely  be  discovered  even  by  power- 
ful teleeoopee,  eepedallyif  it  do  not  recede  &r  from  the  disk  of  the 
^aonet 

The  fiEU!t  that  one  of  the  satellites  of  Satum  has  been  discovered 
only  within  the  last  few  years,  renders  it  not  altogether  improbable 
tiuit »  satellite  of  Mars  may  yet  be  discovered. 


CHAPTER  XV. 

THB  FLAMBTOIDS. 

366.  A  TAMUBt  place  la  tb^  plaaetaiir  aeries. — At  a  very 
early  epoch  in  the  progress  of  astronomy  it  was  observed  that  the 
progression  of  the  distances  of  the  planets  from  the  sun  was  cha- 
racterised by  a  remarkable  numerical  harmony,  in  which  neverthe- 
less a  breaich  of  contmuity  existed  between  Mars  and  Jupiter. 
This  arithmetical  progression  was  first  loosely  noticed  by  Kepler, 
but  it  was  not  until  towards  the  dose  of  the  last  century,  that  the 
more  exact  conditions  of  the  law  and  the  dose  degree  of  approxi- 
mation with  which  it  was  fulfilled,  with  the  exception  just  noticed, 
was  fully  exphuned. 

This  numerical  relation  prevails  between  the  distances  of  the 
successive  orbits  of  the  other  planets  measured  from  that  of  the 
planet  Mercury.  It  was  observed  that  such  distances  formed  very 
nearly  a  series  in  duple  progression,  so  that  each  distance  is  twice 
the  preceding  one,  with  tiie  sole  exception  already  mentioned. 
Although  this  law  is  not  fulfilled,  like  those  of  Kepler,  with  nimie- 
rical  precision,  there  is  nevertheless  so  striking  an  approximation  to 
it,  as  to  produce  a  strong  impression  that  it  must  be  founded  upon 
Some  physical  cause,  and  not  merely  accidental    To  show  the  near 
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approximation  to  the  exact  fulfilment  of  this  law,  we  hare  pUeed 
in  the  following  table  the  succeasion  of  calcnlated  diBtances  from 
3£ercuiy's  orbit,  which  will  exactly  fulfil  the  law,  in  juztapositkn 
with  the  actual  distances  of  the  planetSi  the  earth's  distanoe  from 
the  sun  being  the  unit 


M««iii7. 

^^M^ssr'^ 

Venui     .         .         . 

Rarth      • 

Mara       . 

AlMent  planet     - 

Jupiter    . 

Saturn     -' 

Uranui    - 

1075S 

SI-5I6B 

0-6110 

oiyii 
"i-7955 

3y  comparing  these  numbers,  it  will  be  apparent  that  although 
the  succession  of  distances  does  not  correspond  precisely  'with  a 
numerical  series  in  duple  progression,  there  is  neyertheleas  a  certain 
4Kpproach  to  such  a  series,  and  at  all  eyente^  a  glaring  breach  of 
continuity  between  Mars  and  Jupiter. 

Towards  the  close  of  the  last  century.  Professor  Bode,  of  !Beilm, 
revived  this  question  of  a  deficient  planet,  and  gave  the  numerical 
progression  which  indicated  its  abscoice  in  the  form  in  which  it  has 
just  been  stated  ,*  and  an  association  of  astronomers  was  formed 
under  the  auspices  of  th/§  celebrated  Bardn  de  Zach,  of  Ootha,  for 
the  express  purpose  of  organising  and  prosecuting  a  course  of  obser- 
vation, with  the  special  purpose  of  searching  for  the  suppoeed 
undiscovered  member  of  the  solar  ^stem.  The  veiy  remarkable 
.results  which  have  followed  this  measure,  the  consequences  of  Trhiel^ 
have  not  even  yet  been  fully  devdoped,  wDl  presently  be  ap- 
parent, 

367.  IHaooTerjr  of  Ceres.  Q— On  the  istof  Januaiy,  iSoi, 
t)6ing  the  first  day  of  the  present  century,  Professor  Piazzi,  observing 
in  the  fine  serene  sky  of  Palermo,  noticed  a  small  object  of  about 
the  7th  or  8th  magnitude  which  was  not  registered  in  the  cata- 
logues of  stars.  On  the  night  of  the  2nd,  on  agfdn  observing  it, 
lie  found  that  its  position  relative  to  the  surrounding  stars  waa 
sensibly  changed.  The  object  appearing  to  be  invested  with  a  ne- 
bulous haze,  was  first  considered  a  comet,  and  M.  Piazzi  announced 
it  as  such  to  the  scientific  world.  An  approximate  orbit  being 
however  computed  by  Professor  Gauss,  of  Gottingen,  it  was  found  to 
have  a  period  of  1652  days,  and  a  mean  distance  fi^om  the  sun  ex- 
pressed by  2735,  that  of  the  earth  being  I. 
^  By  comparing  this  distance  with  that  given  in  the  preceding  table, 
ft  which  a  planet  was  presumed  to  be  absent,  it  will  be  seen  thai 
the  object  thus  discovered  filled  the  place  with  striking  arithmetical 
precision.  '  •  .    *  -     • 
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^   Piazd  gaye  to  this  new  member  of  the  system  the  name  Ges^. 
The  sidereal  periods  and  mean  distances  from  the  sun  of  the 
planetoids,  determined  from  the  most  recent  elements,  will  he 
found  in  th^  concluding  chapter. 

368.  DiscoTeiT  of  Vallaa.  0 — Soon  after  the  discoTeiy  of 
Ceres  the  planet  passing  into  conjunction  ceased  to  be  visible.  In 
searching  for  it  after  emerging  from  the  sun's  rajs,  in  March  1802, 
Dr.  Olb^  noticed  on  the  28th  a  small  star  in  the  constellation  of 
YirgO;  at  a  place  which  he  had  examined  in  the  two  preceding 
months,  and  where  he  knew  that  no  such  object  was  M^n  apparent 
It  appeared  as  a  star  of  about  the  seventh  magnitude,  the  smallest 
which  is  visible  without  a  telescope.  In  the  course  of  a  few  hours  he 
found  its  position  visibly  changed  in  relation  to  the  surrounding  stars. 
In  fact  the  object  proved  to  be  another  planet  bearing  a  striking 
analogy  to  Ceres,  and  what  was  then  totally  unprecedented  in  the 
system,  moving  in  an  orbit  at  very  nearly  the  same  mean  distance 
fiom  the  sun,  and  having  therefore  nearly  the  same  period. 

Dr.  Gibers  called  this  planet  Palla.8. 

The  magnitude  of  Pallas  when  in  that  portion  of  its  orbit  where 
its  distance  from  the  earth  is  the  greatest,  is  veiy  minute ;  and  is 
only  visible  with  the  assistance  of  telescopes  fundshed  with  objects 
glasses  of  considerable  aperture. 

369.  Olliers'  IftjpotliesU  of  a  flraotnred  planet. — This  cir- 
cumstance, combined  with  the  exceptional  minuteness  of  these  two 
planets,  suggested  to  Gibers  the  startling,  and  then,  as  it  must  have 
appeared,  extravagantiy  improbable  hypothesis,  that  a  single  planet 
of  the  ordinaiy  magnitude  existed  formerly  at  the  distance  indi- 
cated by  Bode's  analogy, — that  it  was  broken  into  small  fragments 
either  by  internal  explosion  from  some  cause  analogous  to  volcanic 
action,  or  by  collision  with  a  comet, — that  Ceres  and  Pallas  were 
two  of  its  fragments,  and  that  it  was  very  likely  that  many  other 
fragments,  smaller  still,  were  revolving  in  similar  orbits,  many  of 
which  might  reward  the  labour  of  future  observers  who  might  direct 
their  attention  to  these  regions  of  the  firmament 

In  support  of  this  curious  conjecture  it  was  urged  that  in  the  case 
of  such  a  catastrophe  as  was  involved  in  the  supposition,  the 
fragments,  according  to  the  established  laws  of  physics,  would  ne- 
cessarily continue  to  revolve  in  orbits  not  differing  much  in  their 
mean  distances  from  that  of  the  original  planet ;  that  the  obliquities 
pf  the  orbits  to  each  other  and  to  that  of  the  original  planet  might 
be  subject  to  a  wider  limit ;  that  the  excentricities  might  also  have 
exceptional  magnitudes ;  and,  finally,  that  such  bodies  might  be 
expected  to  have  magnitudes  so  indefinitely  minute  as  to  be  out  of 
all  analogy  or  comparison,  not  only  with  the  other  primary  planet^ 
jbut  even  with  the  smallest  of  the  secondary  ones. 
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Cerefl  and  Pallas  both  were  so  small  as  to  elude  all  attempts  to 
estimate  their  diameters,  real  or  apparent  They  appeared  like 
stellar  points  with  no  appreciable  disk,  but  surrounded  with  a 
nebulous  haziness,  which  would  have  rendered  very  uncertain  any 
measurement  of  an  object  so  minute.  Sir  W.  Herschel  thouglit 
that  Pallas  did  not  exceed  75  miles  in  diameter.  Otiiei^  hare 
admitted  that  it  might  measure  a  few  hundred  miles.  Ceres  is 
stiU  smaller.  Some  of  the  most  minute  of  these  bodies  which  hsTO 
been  more  recently  discovered;  are  supposed  to  be  only  a  few  miles 
in  diameter. 

The  obliquity  of  the  orbit  of  Ceres  to  the  plane  of  the  ecliptic  is 
above  lo^*^  and  that  of  Pallas  more  than  34^^.  Both  planets 
therefore,  when  most  remote  from  the  ecliptic,  pass  far  beyond  the 
limits  of  the  zodiac,  and  differ  in  obliquity  ^m  each  other  by 
a  quantity  far  exceeding  the  entire  inclination  of  any  of  the  older 
planets. 

It  was  further  observed  by  Dr.  Olbers,  that  at  a  point  near  the 
descending  node  of  Pallas  the  orbits  of  the  two  planets  very  nearly 
eoincided. 

Thus  it  appeared  that  all  the  conditions  which  rendered  these 
bodies  exceptional,  and  in  which  they  differed  firom  the  other 
members  of  the  solar  system,  were  precisely  those  which  were 
consistent  with  the  hypothesis  of  their  origin  advanced  by  Dr. 
Olbers. 

370.  BtseoreiT  of  Xoiio.  0 — ^A  year  and  a  half  elapsed  before 
any  further  discovery  was  produced  to  favour  this  hypothesis. 
Meanwhile  observers  did  not  relax  their  zeal  and  their  labours,  and  on 
the  I6t  of  September,  1 804,  at  ten  o'clock  p.  H.,  Professor  Harding, 
of  Lilienthal,  Gennany,  discovered  another  minute  planet,  whidi 
observation  soon  proved  to  agree  in  all  its  essential  conditions  with 
the  hypothesis  of  Olbers,  having  a  mean  distance  very  nearly  equal 
to  those  of  Ceres  and  Pallas,  an  exceptional  obliquity  of  1 3^,  and 
a  confflderable  excentricity. 

This  planet  was  named  Jttno. 

Juno  has  the  appearance  of  a  star  of  the  8th  magnitude,  when 
in  the  most  favouiable  position  of  its  orbit  for  observation,  and  is 
of  a  reddish  colour.  It  was  discovered  with  a  veiy  ordinary 
telescope  of  30  inches  focal  length  and  2  inches  aperture. 

371.  BIsooTMT  of  Veata.  0— On  the  29th  of  March,  1807, 
Dr.  Olbers  discovered  another  planet  under  circumstances  precisely 
similar  to  those  already  related  in  the  cases  of  the  former  dis- 
coveries. The  name  Vssta  was  given  to  this  planet,  which,  in  its 
minute  magnitude  and  the  character  of  its  orbit,  was  analogous  to 
Ceres,  Pallas,  and  Juno. 

Testa  is  the  brightest  and  apparently  the  largest  of  all  thia 
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gioop  of  plaoetSy  and  when  in  opposition,  appears  as  a  star  of  the 
aeveuth  magnitude,  and  may  be  sometimes  distinguished  by  good 
and  practised  eyes  without  a  telescope.  Observers  differ  in  their 
impressions  of  the  colour  of  this  planet.  Harding  and  other  Ger^ 
nuin  observers  consider  her  to  be  reddish ;  others  contend  that  she 
18  perfectly  white.  Mr.  Hind  says  that  he  has  repeatedly  examined 
her  under  rarious  powers,  and  idways  roceiTed  ^e  impression  of  a 
pale  yellowish  cast  in  her  light. 

372.  BtseoreiT  of  tiM  othar  Manetolda. — The  labours  of 
the  observers  of  the  beginning  of  the  centuiy  having  been  now 
jHOoecuted  for  some  years  vnthout  further  results,  were  discontinued, 
and  it  is  probable  that  but  for  the  admirable  charts  of  the  stars 
which  have  been  since  published,  no  other  members  of  this  remark* 
able  group  of  planets  would  have  been  discovered.  These  charts, 
ho^vever,  containing  all  the  stars  up  to  the  9th  or  loth  magnitude, 
induded  vnthin  a  zone  of  the  firmament  30^  in  width,  extending 
to  1 5^  on  each  side  of  the  celestial  equator,  supplied  so  important 
and  obvious  an  instrument  of  research,  that  the  subject  was  again 
leanmed  with  a  better  prospect  of  successful  results.  It  was  only 
necessary  for  the  observer,  map  in  hand,  to  examine,  degree  by 
degree,  the  zone  within  which  such  bodies  are  knovm  to  move, 
and  to  compare,  star  by  star,  the  heavens  with  the  map.  When 
a  star  is  observed  which  is  not  marked  on  the  map,  it  is  watched 
from  hour  to  hour,  and  from  night  to  night,  thougb,  in  general, 
c^baervations  made  at  intervals  of  a  few  hours  are  sufficient  to 
detect  its  planetary  nature,  provided  the  suspected  object  be  a 
planet.  If  it  do  not  change  its  position  it  must  be  inferred  that  it 
has  been  omitted  in  the  construction  of  the  map,  and  it  is  marked 
upon  it  in  its  proper  place.  If  it  change  its  position  it  must  be 
inferred  to  be  a  planet,  and  its  orbit  is  then  cfdculated  as  soon  as 
the  required  number  of  observations  are  made,  which  are  necessary 
for  the  determination  of  its  elements. 

The  mean  distances  from  the  sun  of  nil  the  planetoids  place 
them,  without  exception,  between  the  orbits  of  Mars  and  Jupiter, 
and  their  minuteness  of  volume,  and  the  very  variable  obliquities 
and  exoentricities  of  their  orbits,  cause  them  all  to  resemble  the 
first  four  discovered  in  the  beginning  of  the  century,  and,  therefore, 
in  complete  accordance  with  the .  conditions  mentioned  in  the 
curious  hypothesis  of  Dr.  Olbers,  regarding  the  possibility  of  a 
fractured  planet  (369). 

Aitinta  0. — By  the  means  already  explained,  M.  Hencke,  an 

amateur  observer  residing  at  Driessen  in  Prussia,  discovered  on  the 

8th  of  December,  1 845,  another  of  these  small  planets,  which  has 

been  named  Astrea. 

The  discovery  of  this  planet  created  considerable  excitement 
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amongvt  artronomegft,  no  addition  to  the  knoWn  planetary  sjrBtem- 
having  taken  place  since  Vesta  was  discoyered  in  1 807.  It  appean 
that  M.  Hencke,  though  not  a  professional  astronomer^  had  availed 
himself  for  about  fifteen  years  of  the  Berlin  charts^  which  included 
stars  down  to  the  9th  magnitade  situated  in  that  part  of  the 
heaTens  in  which  the  small  planets  are  generaUy  found.  A  por- 
tion of  these  charts  was  published,  consisting  of  about  two-thirds 
of  the  hours  of  right  ascension,  including  1 5^  north  and  south 
declination.  All  honour  should  be  given  to  the  authors  of  these 
valuable  results  of  astronomical  research,  as  without  them  we 
might  probably  not  have  known  of  the  existence  of  the  numerous 
bodies  which  form  the  main  subject  of  the  present  chapter. 

On  the  evening  of  the  8th  of  December,  1845,  M.  Hencke, 
while  examining  a  portion  of  the  heavens  in  the  fourth  hour  ol 
right  ascension,  noticed  a  star  of  the  ninth  magnitude,  which  had 
no  appearance  in  the  chart;  from  his  fiamiliarily  with  that  part  of 
the  heavens,  he  felt  assured  that  the  star  was  never  previously  in 
that  positi(m.  He  communicated  his  suspicions  of  tiie  discovery  of 
a  new  planet  to  M.  Encke  and  M.  Schumacher,  who,  after  havhig 
confirmed  the  discovery  from  observations  made  at  Berlin  and 
Altona,  announced  publicly  to  the  astronomical  world  ^s  inter- 
esting addition  to  the  list  of  planetoids. 

Though  discovered  by  optical  means  of  no  great  power,  and  by 
an  amateur  observer,  whose  habits  of  business  would  lead  him  to 
other  pursuits,  we  must  always  C(»i8ider  that  this  discovery  gave 
birth  to  that  desire  for  astronomical  research,  which  at  the  present 
time  (January  1867)  has  resulted  in  increasing  the  knoim 
bodies  of  the  planetary  system  to  such  an  extent,  that  the  plane- 
toids now  number  ninety-one,  while  scarcely  a  year  paseee  with- 
out one  or  more  fresh  discoveries  being  made. 

Astnea  shines,  when  in  its  moat  favourable  position,  as  a  star  of 
the  ninth  magnitude,  but  at  other  times  its  famtnees  prevents  any 
dbservation,  unless  l^e  observer  be  provided  with  an  instrument 
with  an  object-glass  of  considerable  aperture. 

ffebe(T). —  (hi  the  I  st  of  July,  1847,  M.  Hencke  was  again 
rewarded  for  his  devotion  by  the  discovery  of  Hebe.  It  first 
appeared  of  the  ninth  magnitude,  but  speedily  became  £unter,  aod 
was  generally  visible  as  a  ruddy  star  of  the  tenth  magnitude. 

The  maximum  magnitude  of  this  planet  is  about  the  seventh  or 
eighth,  and  the  minimum,  the  eleventh. 

Iris  0. — Mr.  Hind  is  the  principal  English  astronomer  ^0 
has  devoted  much  attention  to  this  branch  of  astronomical  dis- 
covery, and  can  claim  the  honour  of  being  the  discoverer  of  ten  of 
these  minute  objects.  Mr.  Wnd,  since  the  latter  part  of  1 844,  has 
directed  the  private  observatoiy  of  Mr.  Bishop,  in  the  Begent*a 
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pArky  which  is  fiirnished  with  a  telescope,  equlitoriallj  mounted; 
capable  of  being  emplojed  in  the  most  delicate  researches. 

Iris  was  discoTered  on  the  eyening  of  the  1 3th  of  Augus^  1 847 ; 
a  systematic  examination  of  the  heavens  having  been  commenced 
some  months  preyiously.  Whilst  scrutinising  the  heavens  in  the 
vjcinitj  of  63  Sagittariiy  Mr.  Hind  noticed  a  star  of  the  eighth 
magnitude,  which  had  escaped  observation  at  any  former  time. 
An  hour  was  sufficient  to  show  its  planetary  nature,  its  position 
having  retrograded,  with  respect  to  other  stars,  two  seconds  in  that 
interval  of  time. 

.  The  maximum  brilliancy  of  Iris  is  about  the  eighth  magnitude^ 
decreasing  in  other  positions  of  its  orbit  to  the  tenth. 

Flora  0. — This  planet  was  also  discovered  by  Mr.  Hind.  On 
the  1 8th  of  October,  1 847,  he  noticed  a  star  of  the  eighth  or  ninth 
magnitude,  in  a  position  in  which  it  was  never  previously  visible. 
Confirmation  of  the  discovery  was  not  obtained  for  some  hours  in 
consequence  of  cloudy  weather,  but  on  the  19th  at  3**  A.]f.,  an 
interval  of  fbur  hours  showed  that  the  position  of  the  object  had 
dianged  in  a  direct  motion  about  two  seconds  of  time.  This 
alteration  was  sufficient  to  assure  the  observer  of  its  planetary 
nature. 

The  magnitude  of  Flora  varies  from  the  eighth  or  ninth  to  about 
the  eleventh,  according  to  its  distance  from  the  earth.  When/ 
favourably  seen,  Mr.  EGnd  has  fancied  he  could  perceive  a  mea-; 
snrable  disk,  but  he  cannot  place  implicit  confidence  in  the 
observations. 

Metis  0.  — 'The  next  planet  in  order  of  discoveiy  is  due  to  Mr^ 
Qxaham,  assistant  at  the  private  objtervatory  of  Markree  Castley 
Ireland,  under  the  direction  of  Mr.  Cooper.  Metis  was  found,  like 
those  preceding,  by  noticing  the  appearance  of  an  object  which  was 
not  recorded  in  the  chart  which  was  being  compared  with  the 
eorresponding  part  of  the  heavens.  On  the  25th  of  Apnl,  1848, 
a  star  was  suspected,  and  was  noted  down  for  re-examination. 
On  the  succeeding  evening  it  was  found  to  have  retrograded  one 
minute  and  its  planetary  nature  established.  When  detected,  the 
planet  was  of  the  tenth  magnitude ;  in  more  favourable  positions  its 
appearance  increases  considerably  in  brightness. 

Hygeia@, —  The  zeal  for  astvonomical  discovery  could  not  be 
■opposed  to  remain  in  northern  latitudes  without  drawing  the 
attention  of  astronomers  in  the  south  of  Europe,  who  are,  fortu" 
naiely  for  this  purpose,  accustomed  to  a  dearer  atmosphere  than  is 
generally  found  in  England  or  Germany.  M.  de  Gasparis  of  Naples 
was  the  first  to  enter  the  field,  by  the  discovery  of  Hygeia  on  the 
1 2th  of  April,  1849.  M.  de  Gasparis  was  comparing  the  heavens 
-  tirith  Steinheil's  map,  in  the  twelfth  hour  of  right  ascension;  when 
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he  detected  this  planet  as  an  object  of  the  ninth  or  tenth  magmtudtii 
Owing  to  cloudy  weather  he  was  unable  to  confirm  his  diacoresy 
till  the  14th,  but  on  that  day  hia  obeeryationa  ahowed  a  aensiUe 
change  of  position,  and  that  tiie  auapected  object  fanned  one  of  tii0 
group  of  planetoids. 

The  magnitude  of  Hygeia  rariea  from  the  ninth  to  the  eleTenth* 

Parthenope  ®. — When  Hygeia  waa  diaoorered^  Sir  John 
Herachel  suggested  that  the  name  of  Parthraope  would  hare  been 
appropriate,  aince  the  ancient  name  of  Naples  was  deriyed  from 
that  nymph ;  M.  de  GkispariS;  therefore,  used  eveiy  exertion  to  cany 
out  Sir  John  Herschel's  proposition,  and  was  succesaful  on  the  1  Ith 
of  Mayi  1850,  thua  realising,  aa  he  statea,  a  ^'Parthenope"  in  the 
heavens.  From  its  alteration  of  positiony  the  planetazy  nature  of 
the  object  was  soon  ascertained. 

At  the  time  of  discoveiy,  Parthenope  shone  aa  a  star  of  the 
ninth  magnitude  $  in  unfavourable  seasonsy  its  lustre  ia  little 
brighter  than  the  twelfth. 

Victoria  (is).— On  the  13th  of  September,  1850,  Mr.  Hind 
noticed  a  star  of  the  eighth  magnitude,  with  a  bluish  light  From 
ita  appearance,  his  suspidona  were  aroused  that  the  object  wa0 
another  planet  It  was  situated  near  a  small  star  which  had  bem 
frequently  noticed,  without  having  for  a  companion  such  *  bright 
object  In  less  than  an  hour,  the  brighter  star  had  retrograded  two 
seconds  of  time ;  its  identity  as  a  planet  was  therefore  established. 

Though  Victoria,  when  first  noticed,  appeared  of  the  eighth 
magnitude,  yet  at  some  subsequent  oppositions,  no  instrument  unlesa 
of  superior  penetrating  power  was  able  to  distinguish  it  Ita  mean 
opposition  magnitude  is,  however,  rather  brighter  than  the  tenth. 

The  name  of  A^ctoria  waa  formeriy  objected  to  by  American 
astronomers  on  the  ground  of  ita  departure  from  the  rule  of  select- 
ing female  classical  divinities ;  and  also  from  an  idea  that  it  waa 
not  desirable  to  encourage  names  given  in  honour  of  living  indi- 
viduals. For  some  time,  therefore,  this  planet  was  known  in 
America  as  Clio,  For  the  sake  of  uniformity,  the  name  of  Vic- 
toria is  now  universally  adopted,  that  of  Clio  being  given  to  a 
subsequent  discovery. 

Efferia  ©.—This  planet  was  discovered  by  M.  de  Ghisparis,  at 
Naples,  on  the  2nd  of  November^  1850,  resulting  from  a  series  of 
observations  in  zones  of  declination  undertaken  for  the  express 
purpose  of  disoovering  these  minute  bodies.  The  motion  of  the 
planet  soon  satisfied  tiie  observer  that  the  suspected  object  waa  a 
planet 

Egeria  at  ita  first  appearance  was  about  the  ninth  magnitude;  it 
descends  occasionally  as  low  as  the  twelfth. 

Irene  ®. — On  the  night  of  the  19th  of  May,  1851,  during  aa 
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itTMninfttMm  of  the  heaye^8  near  a  star  which  had  been  pieriously 
noticed,  Mr.  Hind  remarked  an  object  near  it  of  similar  magnitude, 
and  horn  his  knowledge  of  that  part  of  the  heayens,  he  felt  oon« 
▼inoed  that  the  object  was  a  new  planet.  Mr.  Hind  considers,  that^ 
so  far  as  he  is  concerned,  the  discovery  is  due  to  his  fiEuniliarity  with 
teleecopic  stars  gained  in  his  repeated  examinations  for  minute 
objects.  Observations  soon  estaUiahed  this  object  as  a  planet,  its 
motion  being  evident  in  a  short  interval  of  time. 

Mr.  Hind  remarks:  ^ On  the  night  of  the  discovery  it  was 
notioed  that  there  was  a  decided  contrast  between  the  light  of  the 
•tar  and  that  of  the  planet ;  the  former  was  very  white  and  vivid, 
while  the  latter  had  a  dull  bluish  tinge.  The  planet  also  appeared 
to  be  enveloped  in  an  extremely  faint  nebulous  atmosphere,  the 
«dstence  of  which  has  been  con&med  on  several  subsequent  occa- 
•ions,  though  it  requires  a  perfectly  dear  night,  and  great  attention, 
to  render  it  very  evident." 

The  planet  occasionally  shines  as  a  star  of  the  ninth  magnitude  f 
its  TwinimiiTn  ia  the  twelfth. 

M.  de  Gkisparis  of  Naples  discovered  Irene  four  days  after  Mr, 
Hind,  an  instance  how  closely  the  heavens  were  scrutinised.  Other 
independent  discoveries  of  planets  have  taken  place,  as  well  as  on 
this  occasion,  which  will  appear  hereafter. 

^micmia  @, — This  planet  was  discovered  at  Naples,  by  M.  de 
Gaqparis,  on  the  29th  of  July,  1851,  shining  as  a  star  of  the  ninth 
magnitude. 

Eunomia,  occasionally,  is  tolerably  bright,  being  of  the  eighth 
magnitude ;  it,  however,  in  other  parts  of  its  orbit  becomes  almost 
invisible.  During  the  opposition  of  this  planet  in  the  summer  of 
1 860,  its  magnitude  was  unusually  great,  appearing  of  nearly  equal 
brilliancy  to  Vesta. 

PliS/che  @. — During  the  evening  of  the  17th  of  March,  1852, 
M.  de  (}asparis  discovered  this  planet,  which  at  the  time  was 
ritnated  near  Regius,  with  which  it  was  compared,  and  its  plane- 
tary motion  detected.  As  Irene  was  first  discovered  by  Mr.  Hind, 
and  in  four  days  after  by  M.  de  Gasparis,  so  in  this  instance,  if  the 
Naples  astronomer  failed  to  notice  Psyche,  Mr.  Hind  would  most 
probsbly  have  been  soon  in  a  position  to  claim  the  merit  of  its 
discovery.  On  the  1 8th  of  January,  during  a  final  revision  of  an 
ediptidd  chart  before  placing  it  in  the  engraver's  hands,  Mr.  Hind 
entered  an  object  shining  as  a  star  of  tiie  eleventh  magnitude. 
Cloudy  weather  prevented  any  re-examination  of  this  object  until 
a  proof  of  the  engraviDg  arrived  on  the  i8th  of  March.  On  the 
•veoing  of  that  day,  on  comparing  the  chart  with  the  heavens,  the 
•tar  was  not  to  be  found.  Its  planetary  character  was  at  once 
trident    A  vigorous  search  after  the  missing  object  was  resolved 
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on,  bat  before  a  fEtyomable  opportcmily  amTed,  notioe  was  grror 
of  its  disooveiy  bj  M.  de  Ghi^paris.  Professor  Gaoss  has  shown 
that  the  efltunated  place  of  the  phinet  on  Januaiy  29,  agrees  well 
with  the  elements  deduced  from  the  obserrationa  Its  planetaiy 
nature,  however^  was  not  known  to  Mr.  Hind  till  the  night 
following  the  actual  discoyerj  at  Naples. 

The  mean  opposition  magnitude  of  Psyche  is  about  the  tenth. 

7%eti$  vg.—  Dr.  R.  Luther,  of  the  obs^rvatoiy  of  Bilk,  near 
Dusseldorf,  discovered  this  planet  on  the  17th  of  April,  1852, 
which  soon  proved  itself  to  be  one  of  the  remarkable  gitnip  of 
minute  planets.  It  shines,  generallj,  when  in  its  most  favouiable 
position,  as  a  star  of  the  ninth  magnitude. 

Me^omene  @, —  This  planet  wks  discovered  by  Mr.  Hind  during 
the  night  of  the  24th  of  June,  1852.  It  appeared  with  a  biilliancj 
equal  to  a  star  of  the  ninth  magnitude,  in  a  position  where  no 
known  member  of  these  bodies  could  be  situated.  Observataoos 
with  a  micrometer  soon  indicated  a  sensible  change  of  position. 

Mr.  Hind  has  frequently  remarked  a  strong  yellowish  odour 
about  the  light  of  Melpomene,  contrasting  in  a  visible  manner  the 
appearance  of  the  planet  with  the  small  stars  in  the  same  field  of 
view  of  the  telescope. 

When  in  favourable  parts  of  its  orbit,  this  planet  shines  fimilaily 
to  a  star  of  the  eighth  or  ninth  magnitude. 

Forttma  @. —  This  planet  is  another  of  Mr.  Hind's  disoovmes. 
On  the  22nd  of  August,  1852,  he  noticed  an  object  of  the  ninth 
magnitude,  when,  a^r  comparing  it  with  another  star,  the  motion 
westward  was  appreciable  in  about  twenty  minutes. 

Fortuna  shines  usually  at  opposition  as  an  object  of  the  ninth 
magnitude. 

MasdHa  (»). — On  the  19th  of  September,  1852,  a  new  planet 
was  discovered  at  Naples  by  M.  de  Gasparis,  shkiing  as  a  star  of 
the  ninth  magnitude.  This  planet  was  also  independently  dis* 
covered  by  M.  Chacomac  at  Marseilles,  on  the  20th  of  September, 
while  forming  a  chart  of  the  positions  of  stars  near  the  ediptiCi 
The  honour  of  being  the  first  discoverer,  however,  is  due  to  M.  Be 
Gasparis. 

The  brilliancy  of  Massilia  varies  firom  the  eighth  to  the  eleventii 
magnitude,  according  to  its  position  in  its  orbit 

LuteUa  @, — The  planet  Lutetia  was  discovered  on  the  1 5th  of 
November,  1852,  by  Mr.  Hermann  Gk)ldschmidt,  an  amateur  as- 
tronomer at  Paris.  It  appeared  of  about  the  nindi  magnitude,  but 
soon  became  much  fidnter.  Its  mean  opposition  brightnesa  is 
equal  to  stars  of  the  tenth  magnitude. 

The  discoveiy  of  this  planet  by  M.  Gbldschmidt  was  made  with 
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A  small  ordinaiy  telescope,  placed  in  the  balcony  of  his  apart- 
ment in  the  Rue  dn  Seine,  Faubourg  St.  Gennain. 

The  seal  and  devotion  of  this  astronomer  have  been  rewarded  by 
the  discovery  of  n6  less  than  twelve  of  these  interesting  members 
of  the  solar  system. 

CaUiope@. —  In  the  night  of  the  i6th  of  November,  1852, 
^vhile  Mr.  Hind  was  comparing  the  heavens  with  one  of  his  edip- 
tical  star-maps,  he  noticed  an  object  which  was  not  entered  on  the 
chart.  Its  planetary  nature  was  soon  identified  by  comparing  its 
motion  with  the  neighbouring  stars.  The  maximum  brightness  of 
CmUiope  is  similar  to  a  star  of  the  lunth  magnitude,  tiiough  in 
some  parts  of  its  orbit  the  intensity  of  light  is  so  small  as  to 
render  the  planet  visible  only  with  telescopes  of  a  superior  degree 
of  penetrating  power. 

ThaUa  @.—  On  the  evening  of  the  1 5th  of  December,  1852,  Mr. 
Hind  detected  another  planet,  which  received  the  name  of  Thalia. 
Like  Calliope,  this  planet  was  discovered  by  means  of  the  ediptical 
■tar-maps,  formed  under  his  own  direction.  When  first  seen,  it 
ahrme  scarcely  brighter  than  stars  of  the  tenth  or  eleventh  magni'» 
tade;  a  degree  of  faintnees  which  forbids  the  use  of  ordinary 
telescopes  in  attempting  its  observation. 

The  mean  opposition  magnitude  of  Thalia  is  about  the  eleventh ; 
its  minimum  brightness  is  no  greater  than  the  thirteenth  or  four- 
teenth  magnitude. 

Tkemi$  @, — The  planet  Themis  was  discovered  at  Naples,  od 
the  6th  of  April,  1853,  by  M.  de  Gasparis.  Whilst  searching  for 
a  small  star  of  the  eleventii  magnitude  which  had  previously  been 
observed  but  which  had  become  invisible,  that  astronomer  took 
notice  of  a  small  object  of  the  twelfth  magnitude  which  was  new 
to  him,  the  proper  motion  of  which  was  soon  recognised  on  com- 
parison with  a  neighbouring  star.  Themis  shone  as  an  extremely 
minute  object:  the  greater  merit,  therefore,  is  due  to  the  inde- 
fatigable observer  through  whose  exertions  the  astronomical  world 
were  made  acquainted  with  its  existence. 

No  instrument,  except  of  a  superior  class,  can  be  expected  to 
perceive  this  minute  body,  its  mean  opposition  magnitude  being 
about  the  twelfth. 

Fhocea  @. — While  11  de  Gh^sparis  was  engaged  in  the  con- 
sideration of  Themis,  M.  Chaoomac  was  equally  engaged  on 
another  new  member  of  the  planetoids,  which  «he  discovered  also 
on  the  6th  of  April,  1 853,  at  Marseilles.  It  received  the  name  of 
Fhocea.  When  first  seen  it  appeared  as  a  star  of  the  ninth  mag- 
nitude, having  a  bluish  tint  On  comparison  with  another  star  its 
motion  was  detected. 

The  apparent  magnitude  of  Phocea  is  variable ;  it  changes  ftttmp 
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the  ninth,  when  the  planet  is  most  fayoorablj  situated  for  obserra- 
tion,  to  tiie  twelfth,  when  its  position  in  its  orbit  places  it  at  its 
greatest  distance  from  the  earth. 

Pcoterpme  @. — The  planet  Proserpine  was  discoTered  on  the 
5th  of  May,  1853,  at  Bilk;  bj  Dr.  Luther.  When  detected,  it 
appeared  exceedingly  faint,  being  no  brighter  than  a  star  of  the 
tenth  or  eleventh  magnitude. 

At  opposition;  its  mean  intensity  of  light  equals  an  object  of 
about  the  tenth  magnitude. 

Buterpe  @.  —  The  planet  Euterpe  was  found  on  the  eyening  of 
the  8th  of  NoTember,  1 853,  by  Mr.  Hind,  while  he  was  comparing 
one  of  his  ediptical  maps  with  tiie  heavens.  It  was  shining  as  a 
star  of  tiie  ninth  magnitude^  and  was  shortly  proved  by  its  motion 
to  be  a  planet 

The  magnitude  of  Euterpe  is  generally  about  the  tenth  when  in 
opposition. 

BeOcna  @. — The  planet  Bellona  was  discovered  by  Dr.  Luther, 
at  Bilk,  on  the  ist  of  March,  1 854.  Its  mean  amount  of  brilliancy 
at  opposition  is  about  equal  to  stairs  of  the  tenth  magnitude. 

An^hftrUe  @. — On  die  ist  of  March;  1 854,  and  only  about  two 
hours  later  than  the  discovery  of  Bellona,  Mr.  Marth  detected  ihie 
planet  Amphitrite,  at  the  Regent's  Park  Observatoiy.  It  was  also 
independently  found  by  Mr.  Pogson  at  Oxford,  on  the  2nd  of 
March;  and  by  M.  Chacomac  at  Marseilles;  on  the  3rd  of  March* 
On  its  first  appearance;  Amphitrite  shone  as  a  star  of  the  t«mth 
or  eleventh  magnitude.  Its  brilliancy  is,  however,  occasionally 
much  greater;  the  maximum  being  about  the  ninth  magnitude. 

Urania  @.  The  planet  Urania  was  discovered  by  Mr.  Hind 
about  midnight  on  the  22nd  of  July,  1 854,  shining  as  an  object  of 
the  ninth  or  tenth  magnitude.  Urania  is,  however;  extremely 
Deunt  in  unfavourable  positions  for  observation. 

The  number  of  planetoids  discovered  by  Mr.  Bind  thus  amounts 
to  teU;  Urania  being  the  last  found  by  that  indefiUigable  astro- 
nomer. The  instrument  used  in  his  researches  is  an  equatorially- 
mounted  achromatic  telescope;  having  an  object-glass  of  seven 
inches  aperture,  and  about  eleven  feet  focal  lexigth. 

Euphro9yne  ®. — The  planet  Euphrosyne  was  discovered  on  the 
I  St  of  Septembei*;  1 8  54,  at  Washington,  America,  by  Mr.  Ferguson. 
Its  position  on  the  night  of  its  discovery  was  rather  singular.  Mr. 
Ferguson  was  in  search  of  Egeria,  whidi  he  observed  in  company 
with  another  object  which  was  so  dose  to  Egeria  as  to  create  some 
uncertainty  in  his  mind  which  of  the  two  was  the  planet  Another 
night's  observation,  however,  decided  the  planetary  nature  of  both 
objects,  one  of  which  was  £|geria  and  the  other  was  found  to  be  a 
new  planet 
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With  tHe  exception  of  PallaBy  the  obliquity  of  the  orbit  of 
£uphroe3rne  is  greater  than  any  of  the  remaining  planetoids, 
amonntixig  to  26^  27'. 

The  magnitude  of  thia  planet  at  mean  opposition  is  about  the 
eleventh. 

I\fm(ma  @, — The  planet  Pomona  was  detected  on  the  26th  of 
October,  i854^atPariSy  by  AL  Goldschmidt  on  comparing  an  edip- 
Ucal  star^map  with  the  hearens.  It  appeared  as  a  star  of  the  eleventh 
magnitade,  which  is  about  its  mean  brilliancy  at  opposition. 

Fbfyhynmia  @. — This  planet  was  also  discovered  at  Paris.  On 
the  night  of  the  28th  of  October,  1854,  it  was  found  by  M.  Cha- 
comac,  of  the  Imperial  Observatoiy. 

Of  all  the  known  .planets,  Polyhymnia  is  remarkable  for  the 
large  excentricity  which  is  exhibited  by  the  elements  of  its  orbit ; 
the  di£Q9renoe  between  the  perihelion  and  aphelion  distances 
amonntizig  to  a  diameter  of  the  earth's  orbit 

The  intenrily  of  light  shown  by  Polyhynmia  varies  considerably; 
its  magnitude  changing  firom  the  ninth  to  the  thirteenth. 

CireeQ, —  The  planet  Circe  was  discovered  at  the  Imperial 
Obeervatxny,  Paris,  on  the  6th  of  April,  1 855,  by  M.  Chacomac 
By  comparison  with  the  star  25,438  of  the  catalogue  of  Lalande, 
its  identity  as  a  planet  was  coniirmed. 

The  magnitude  of  Circe  is  extremely  fiiint,  its  mean  opposition 
brightness  being  equal  to  a  star  of  the  eleventh  or  twelfth  magni- 
tnde. 

Leuoothea  @. — Dr.  Luther  discovered  the  planet  Leucothea  cfa 
the  night  of  the  19th  of  April,  1855,  shining  as  a  star  of  the 
eleventh'  magnitude,  which  is  about  the  maximum  brightness.  Thia 
planet  is  generally  of  such  extreme  faintness,  as  to  make  it  an 
object  of  difficulty  evep  with  telescopes  of  the  greatest  optical 
power. 

Atakmta@.—  On  the  5th  of  October,  1855,  M.  Goldschmidt 
discovered  the  planet  Atalanta,  at  Paris )  it  resembled  a  star  of  the 
eleventh  or  twelfth  magnitude,  which  is-  about  its  brightness  at 
mean  opposition. 

Fide$  @, — The  planet  ildes  was  detected  on  the  evening  of  the< 
Sth  of  October,  1855,  at  Bilk,  by  Dr.  Luther,  being  the  second 
planetary  diBcoveiy  on  the  same  evening. 
Hie  magnitude  of  Fides  at  mean  opposition  is  about  the  tenth. 
Leda  ®. —  M.  Chacomac  discovered  the  planet  Leda  on  the 
12th  of  January^  1856^  at  Paris,  shining  as  a  star  of  the  tenth 
magnitude. 
The  mean  opposition  magnitude  of  Leda  is  about  the  eleventh. 
LtttUia  @.  —  The  planet  Lntitia  was  detected  at  Paris  also  by 
M.  Chacomac^  on  the  Sth  of  Februaiy,  1856.    On  comparing  the 
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suspected  object  with  21,963  of  Lalande's  Cfttalogue,  its  motion 
was  soon  peroeiyed. 

The  appearance  of  Leetitia  yaries  considerahljr  in  magnitude; 
when  at  the  greatest  it  shines  as  a  star  of  the  ninth,  and  at  its 
minimom  brilliancj,  about  the  twelfth  magnitude. 

Harmtmia  0.  —  This  planet  was  discovered  by  M.  Goldsdunidt 
on  the  evening  of  the  3 1st  of  March,  1 856,  at  Paris,  shining  as  a 
star  of  the  ninth  or  tenth  magnitude. 

Harmonia  is  generally  of  average  brightness,  its  mean  oppodtiosi 
magnitude  scarcely  exceeding  the  ninth. 

Iktphne  0. — The  planet  Daphne  was  also  discoyered  by  M. 
Ooldschmidt  It  was  found  on  the  22nd  of  May,  1856,  at  Paiia. 
Owing  to  the  lateness  of  the  discovery,  which  was  made  vrhesi 
Daphne  had  considerably  passed  oppoatiGO,  and  to  the  increttaing 
daylight,  very  few  observations  were  made  of  this  planet,  too  few,  in 
fact,  for  the  determination  of  reliable  elements  of  its  wbit  In  con- 
sequence of  this  uncertainty,  Daphne  was  not  seen  during  several 
years.  A  special  search  was,  however,  made  at  one  of  its  expected 
oppositions,  when  Dr.  Luther  found  it  on  the  3  ist  of  August,  1 862. 

2fM  @. —  The  planet  Isis  was  discovered  at  the  Xtaddifle  Ob- 
servatory, Oxford,  on  the  23rd  of  May,  1856,  by  Mr.  Pogson.  It 
appeared  as  a  star  of  the  tenth  magnitude,  which  is  about  its. 
brightness  at  mean  x^pposition. 

Ariadne  @, — Mr.  Pogson,  while  comparing  one  of  his  manu* 
script  charts  with  the  heavens  at  the  Radcli£fe  Observatory,  Oxford, 
on  the  J  5th  of  April,  1857,  detected  an  object  which,  on  com- 
paring ^th  a  neighbouring  star,  proved  to  be  another  planet  It 
received  the  name  of  Ariadne.  Its  brightness  at  mean  opposition  is 
similar  to  a  star  of  the  tenth  magnitude. 

ifyta  @. — This  planet  iwas  found  by  M.  Goldschmidt  on  the 
27th  of  May,  1857,  resembling  a  star  of  the  tenth  or  eleventh 
magnitude.  In  favourable  positions  of  the  planet  in  its  orbit,  it  is 
considerably  brighter. 

JBugenia  ®. — The  planet  Eugenia  was  discovered  also  by  M. 
Gk>ldschmidt.  On  the  28th  of  June,  1857,  while  scrutiflasing  the 
heavens,  he  saw  an  object  which  proved  to  be  a  planet  The  in- 
tensity of  light  of  Eugenia  is  very  faint,  and  a  good  telescope  is 
required  to  make  satisfactory  observations. 

Mts8tia@,  —  The  planet  Hestia  was  detected  on  the  1 6th  of 
August,  1897,  at  Oxford,  by  Mr.  Pogson,  with  tlie  assistance  of  a 
5-feet  t^esoope,  generously  lent  by  Dr.  Lee  of  Hartwell,  for 
his  private  use,  placed  in  the  garden  attached  to  his  residence. 
Hestia  is  one  of  ^Uie  fsiintest  planets  of  the  group,  its  mean  oppo* 
sition  magnitude  being  no  greaiter  than  the  twelfth  or  thirteenth. 
Occasionatlly  the  magnitude  Is  so  very  mintite,  that.H  is  scarcdy 
within  the  limits  of  vision  even  with  first  class  telescopes. 
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J^fioM  @.— Dr.  Luther  diMoyered  this  planet  on  the  15th  of 
September^  1857,  at  Bilk*  The  faintness  of  Aglaia  preTents  it 
from  being  frequently  ^b^rred.  Its  magnitude  is  about  the 
eleventh  or  twelfth  at  mean  opposition. 

Doris  @  and  Pales  @. — These  two  planets  were  discorered  on 
the  same  night,  on  the  19th  of  September^  1^57;  V  ^  Oold- 
schmidt,  at  Paris.  Whilst  that  astronomer  was  engaged  upon  the 
identification  of  the  planetary  nature  of  Doris,  he  necessarily 
aeglected  attending  to  a  star  which  had  yanished  in  the  vicinity 
of  K  Aquarii;  later  in  the  eyening,  howeyer,  his  attention  was 
directed  to  an  object  which  soon  exhibited  a  diange  in  its  relatiye 
position  with  respect  to  the  neighbouring  stars,  and  consequently 
was  proved  to  be  a  second  planet,  which  afterwards  received  the 
name  of  Pales.  At  the  time  of  discovery,  the  two  planets  were 
separated  only  by  about  three  minutes  of  right  ascension,  and  one 
degree  of  declination.  The  singular  fortune  of  a  double  discovery 
on  the  same  night  has  not  fallen  to  any  other  discoverer. 

These  planets  are  both  rather  minute  at  mean  opposition,  Doris 
being  of  the  eleventh,  and  Pales  of  the  tenth  or  eleventh  magnitude* 

Vtrgittia  ®.—  The  planet  Virginia  was  first  noticed  on  the  4th 
of  October,  1857,  at  Washington,  U.  S.,  by  Mr.  Ferguson.  An 
independent  discovery  was  made  at  Bilk,  by  Dr.  Luther,  on  the 
19th  of  October,  before  intelligence  had  reached  Europe  of  its 
previous  detection.  This  planet  is  also  exceedingly  minute,  its 
meaa  opposition  magnitude  being  between  the  twelfth  and  thir- 
teenth, while  in  other  positions  of  its  orbit,  where  it  is  more  un- 
favourably situated,  it  shines  as  a  star  of  the  fourteenth  or  fifteenth 
magnitude. 

Nemausa  @. — The  planet  Nemausa  was  found  by  M.  Laurent, 
at  the  Observatory  at  Nismei^  in  the  south  of  France,  on  the  22nd 
of  January,  1858.    Its  intensity  of  light  is  not  great 

Ewropa  @. —  M.  Goldschmidt  was  the  discoverer  of  this  planet, 
on  the  6th  of  February,  1 858,  at  Paris.  Its  mean  opposition  mag- 
nitude is  estimated  as  being  equal  to  about  the  tenth. 

Calypso  @. — This  planet  was  detected  at  Bilk,  by  Dr.  Luther, 
on  the  4th  of  April,  1858.  When  first  noticed  it  resembled  a  star 
of  the  eleventh  magnitude,  which  doubtless  is  the  appearance  by 
which  it  will  be  generally  distinguished. 

Alexandra  @. —  The  planet  Alexandra  was  discovered  on  the 
loth  of  September,  1858,  by  M.  Goldschmidt,  at  Paris.  The 
magnitude  of  this  planet  must  be  classed  amongst  those  of  the 
iaintest,  requiring  a  good  telescope  for  its  detection. 

Pondera  (g). —  This  planet  was  discovered  at  the  Dudley  Ob^ 
servatory,  Albany,  United  States,  by  Mr.  Searle,  on  the  night  of 
the  10th  of  September,  1858,  only  a  few  hours  later  than  the 
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diflcoT^  ci  Alexandra.  Pandora  waa  diaooreied  by  a  Teij  or- 
dinaiy  telescope,  called  a  cometnaeeker,  and  though  suspected  aa 
a  new  planet  on  the  loth,  its  planetaiy  motion  was  not  confiimed 
till  the  I  ith  of  September. 

The  magnitude  of  Pandora  must  haye  considerablj  decreased 
aoon  after  its  discoreiy,  for  in  the  latter  part  of  November,  1 858, 
several  observations  were  made  with  the  transit-circle  at  the 
Boyal  Observatoiy,  Greenwich,  when  the  observer  remarked  that 
it  was  of  the  last  degree  of  fiuntness.  At  that  time,  ho^rerer, 
the  planet  was  not  in  a  favourable  part  of  its  c»rbit  for  observation. 

MMe  ®.— The  discovery  of  this  object,  and  its  ooDfirma- 
lion  as  a  new  member  of  the  solar  system,  was  of  an  unnaaally 
interesting  character.  It  was  first  discovered  on  the  9th  of  Sep- 
tember, 1857,  by  M.  Gkddschmidt,  at  Paris,  whilst  searching  for 
the  planet  Daphne.  When  the  la^  planet  was  detected  in  1 8  56^ 
it  had  passed  opposition  for  a  considerable  period,  so  that  only 
four  observations^  at  no  great  interval  of  time,  could  be  made 
before  it  was  lost  in  the  raya  of  the  sun.  An  approximate  ephe- 
mens  was,  however,  computed  from  these  obs^rations  for  the 
succeeding  opposition ;  of  this  ephemeris  M.  Gk)ldschmidt  availed 
himself,  and  by  ita  assistance,  he  considered  he  ahould  be  enabled 
to  rediscover  the  lost  planet.  After  searching  with  considerable 
devotion,  he  discovered  an  object  which,  by  its  motion  in  com- 
parison with  other  stars,  proved  to  be  a  |^et  This  object  was, 
therefore,  supposed  to  be  Di^hne,  not  only  by  M.  Ooldschmidt, 
but  by  the  astronomical  world  in  general^  and  aeveral  observationa 
were  secured  at  difierent  observatories  during  the  period  of  its 
visibility.  Elements  of  the  orbit  of  the  new  planet  wers  soon 
computed,  and  though  their  agreement  was  not  perfect  with  those 
obtained  from  the  few  observations  of  Daphne  when  first  dis- 
covered, yet  no  suspicion  existed  <m  the  subject  It  appeared^ 
however,  by  the  investigationa  of  M.  Emeet  Sdiubert,  who  in  the 
year  1 858  had  heea  engaged  to  compute  an  ephemeris  for  Daphne, 
for  the  American  Nautical  Almanac,  that  it  was  found  impossible 
to  reconcile  the  results  of  an  orbit  computed  frx>m  the  observationa 
of  1857  with  the  observations  made  at  the  original  diaooveiy  of 
Daphne  in  the  preceding  year.  M.  Schubert,  therefore,  came  to 
the  conclusion  Ihat  the  object  discovered  by  M.  Ooldschmidt  in 
1857,  September  9,  was  in  reality,  not  Daphne,  but  a  new  member 
of  ihe  group  of  planetoidSt 

By  the  computer's  skill,  therefore,  Melete  was  first  added  to  ^e 
list  of  minor  planets.  In  the  order  of  discovery  it  is  placed  accord'- 
ing  to  the  date  of  its  identification  as  a  new  planet  by  M.  Schubert, 
in  1858,  though  its  actual  detection  took  place  between  the  dates 
ai  the  discoveries  of  Hestia  and  Agiaia. 

M%emo8yne  @. — ^The  planet  Bfnemosyne  was  discovered  on  the 
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■22iid  of  September  by  Dr.  R.  Luther,  of  Hlk.  It  ahinet  in  fkromv 
«ble  poeitions  as  a  star  of  the  tenth  magnitude. 

Concordia  @, — ^The  disooTery  of  Concordia  is  also  due  to  Dr. 
Luther.  While  scrutimxing  the  heavens  on  the  24th  of  March, 
i860y  he  perceived  that  a  very  minute  object  of  the  eleventh 
magnitude  had  an  evident  planetary  motion.  By  comparing  it 
ivith  a  neighbouring  star,  he  was  soon  able  to  announce  it  to  the 
world  as  the  fifty-eighth  member  of  the  group  of  planetoids.  Ckm- 
cordia  has  always  been  extremely  faint,  and  has  not  been  observed 
with  the  meridional  instrument  of  Greenwich  to  any  great  extent. 

Olgmpia  @. — ^Before  the  discovery  of  this  planet  it  seemed  ap<- 
parent  that  the  observing  activity  of  the  astronomers  had  nearly 
exhaosted  this  planetary  mine  in  ^ace ;  for  in  the  preceding  two 
years  Blnemoeyne  and  Concordia  only  were  found.  On  the  night 
of  the  12th  of  September,  i860,  M.  Chaoomac,  however^ detected 
Olympia  in  the  constellation  Cetus,  shining  as  a  star  of  the  ninth 
or  tenth  magnitude.  This  announcement  was  followed  by  three 
others  within  the  short  period  of  a  month.  For  some  time  after 
tbis,  discovery  after  discovery  was  made  at  short  intervals,  which 
tased  to  the  extreme  all  the  energies  of  the  astronomer,  both  official 
and  amateur,  in  following  the  planets  in  their  orbits,  and  in  pre- 
paring the  necessaiy  ephemendes  for  their  identification.  Olympia 
is  also  known  by  the  name  of  E^pis,  particularly  in  G^ermany. 

Echo  @.— This  planet  was  found  by  Mr.  Ferguson,  at  the  Navsl 
Observatory,  Washington,  U.  S.,  oa  the  night  of  the  1 5th  of  Sep- 
tember, i860.  It  was  first  noted  on  the  14th  as  a  star  not  on 
Chacomac's  charts,  but  on  the  i  $th  its  motion  among  the  stsrs 
proved  at  onee  its  planetary  nature.  Its  estimated  magnitude  was 
the  eleventh. 

Dcoua  (ti).— This  planet  was  first  seen  by  M.  Gk)ldsehmidt  on  the 
9th  of  September,  i860,  ait  Chatillon-eous-Bagneux,  France.  It 
was  situated  in  the  constellation  Aquarius,  near  the  star  Lalande 
44,384.  M.  Goldflchmidt  suffered  from  illness  in  the  interval  be-> 
tween  the  9th  and  19th  of  September,  which  prevented  him  firom 
decidedly  fixing  the  planetary  nature  of  Danae  before  the  latter 
date.  On  this  day,  however,  he  was  enabled  to  make  complete 
observati<ms  of  the  planet  bodi  in  light  ascension  and  declination, 
and  to  announce  it  as  a  new  planet  It  shone  as  a  star  of  the 
eleventh  magmtude. 

Eraio  @.^The  discovery  of  Erato  hf  MM.  Forster  and  LesBer 
at  Berlin  was  unusually  interesting.  On  the  first  receipt  of  the 
intelligence  of  M.  Chaoomac's  detection  of  Olympia,  MM.  Forster 
and  Lesser,  of  the  Berlin  Observatory,  made  an  extensive  series  of 
•bservations  of  the  supposed  new  object  with  the  equatorial  of 
that  obrarvatory.    After  the  usual  reduction  of  the  observations. 


230  ASTRONOMY.    : 

4li6  right'  ascensions  and  d6cljnati(»is  were  published  in  OctoBeHa 
the  AttrommiiBche  Nachrichten,  as  belonging  to  Chacomac's  planet. 
On  comparing  these  results  with  those  of  other  observers^  MM« 
Forster  and  Lesser  found  a  total  disagreement  between  ^^it. 
These  astronomers  were  at  once  convinced  that  they  had  been, 
from  September  14  to  October  lo,  unconsciously  obseoring  a  dia« 
tinct  planet  The  estimated  magnitude  of  En^  at  the  time  of 
disooveiy  was  the  eleventh.  If  we  fix  the  date  of  the  first  dete&> 
tion  of  Erato  for  September  14,  no  less  than  four  minor  plaxietB 
were  added  to  the  Imown  members  of  the  solar  system  in  a  week  ; 
an  event  unprecedented  in  the  history  of  jdanetaiy  discovery. 

Amoma  @. — ^The  pUmet  Ausonia  was  first  seen  by  M.  de 
Gasparisy  at  Naples^  on  the  night  of  the  loth  of  Febroary,  1861, 
shining  with  the  brilliancy  of  a  star  of  the  tenth  magnitude.  Its 
motion  in  the  heavens  was  detected  by  comparing  it  wkh  Weisae 
zL  120. 

Angelina  (m).— 'A  telegraphic  despatch  from  Marseilles  appeared  •. 
in  the  Bulletin  of  M.  Le  Veirier;  announcing  the  discovery  of  a 
new  planet  on  the  4th  of  March,  1861,  by  M.  Tempel.  It»znag^ 
nitudc  was  estimated  as  the  tenth.  The  name  Angelina  refers  to 
Zach's  astronomical  station  at  Notre  Dame  dee  Anges,  near 
Marseilles. 

Cybele  @. — The  discovery  of  Oybele  is  also  due  to  M.  Temp^ 
of  Marseilles.  When  first  noticed,  on  the  8  th  of  March,  1861,  it 
was  in  the  immediate  neighbourhood  of  Angelina.  The  planet's 
magnitude  was  between  the  tenth  and  eleventh,  and  the  star  of 
comparison  was  Lalande  22,905.  Cybele  is  occasionally  called 
MaximiUana, 

Maia  (m).— The  planet  Maia  was  discovered  at  the  observatory 
of  Harvard  College,  Cambridge,  TJ.  S.,  by  Mr.  H.  P.  Tutde,  on  the 
night  of  the  9th  of  April,  1 86 1 .  Its  planetary  nature  was  identi«! 
fied  by  comparing  it  with  No.  76  of  the  Harvard  zones.  The  mag* 
nitude  of  Maia  when  first  seen  was  very  amaU,  being  no  greatfic 
than  the  thirteenth. 

Asia  @.— This  planet  was  found,  like  each  of  those  previously 
discovered  by  Mr.  Pogsoni,  by  means  of  his  own  manuscript  chartst, 
and  not  by  mere  gleaning  in  celestial  fields  previously  mapped  out 
by  other  astronomers.  Mr.  Pogson  first  observed  Asia  at  Madraa, 
on  the  17  th  of  April,  1 861,  it  being  at  that  time  between  the 
eleventh  and  twelM  magnitudes.  The  name  of  Asia  was  selected 
as  a  fitting  record  of  the  first  planetary  discovery  made  in  that 
quarter  of  the  globe. 

X^  @. — ^Dr.  R  Lather  found  Leto  at  the  Bilk  Observatory, 
near  midnight  on  the  29th  of  April,  1861,  by  comparing  the  new 
object  with  a  known  »tar  catalogued  by  M.  Riiniker.  ; 
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Metperia  (m).— Hesperia  was  first  observed  bj  Bl.  Schiaparelli,  at 
Milan,  a]so  on  the  29th  of  April,  1861.  At  the  time  of  discoyery 
the  planet  was  only  g'  distant  from  Ausonia,  for  which  it  was  at 
first  taken. 

I\»topea  @. — M.  Goldschraidt  detected  this  planet  on  the  5th 
of  May,  1 86 1  y  at  Fontenay-aux-Roses,  near  Paris.  The  magnitude 
was  between  the  tenth  and  eleventh.  This  is  the  fourteenth  fttid 
last  planet  discovered  by  this  indefatrgf»ble  observer.  The  optical 
means  in  the  possession  of  the  late  M.  Goldschmidt  were  never 
great,  his  discoveries  having  been  made  with  telescopes  whose 
object-glasses  were  only  of  2, 2§^  or  4  inches  aperture.  It  is  truly 
astonishing  that  an  amateur  astronomer,  an  artist  by  profession, 
should  have  been  able  to  detect  so  large  a  number  of  a  class  of 
objects,  most  of  which,  from  their  extreme  faintness,  have  taxed 
to  the  utmost  official  astronomers  to  observe,  even  with  large 
fixed  telescopes.  The  Rev.*  R  Main,  Kadeliffe  Observer  at  Oxford^ 
has  remarked  that  "  none  of  M.  Goldschmidt's  telescopes  were 
mounted  equatorially,  but  that,  in  the  greater  number  of  instances, 
they  were  pointed  out  of  a  window  which  did  not  command  the 
whole  of  the  sky ;  and  I  leave  you  to  form  your  own  opinion  of 
that  fertility  of  invention  and  resource,  that  steady  determination 
to  conquer  apparently  insurmountable  ditiicultiesy  the  untiring  in- 
dustry, and  the  never-failing  zeal,  which  realised  such  splendid 
results  with  such  inadequate  means.'' 

yiobe  @. — Dt,  R.  Luther  discovered  Niobe,  at  Bilk,  on  the  even- 
ing of  the  1 5th  of  August,  1 86 1 .  He  estimated  the  magnitude  to 
be  about  the  eleventh. 

Feroma  @. — This  object  was  first  observed  by  Dr.  C.  H.  F.  Peters, 
of  Hamilton  College,  Clinton,  IT.  S.,  on  the  29th  of  May,  1 86 1 ,  for 
the  planet  Maia ;  but  it  was  subsequently  found  by  Mr.  Safibrd,  of 
Cambridge,  U.  S.,  to  be  really  another  planet  Professor  G.  P. 
Bond  has  communicated  the  following  interesting  account  of  Mr. 
Safford's  identification  of  Feronia.  <<  Having  had  occasion  to  refer  to 
the  positions  of  Maia  obtained  by  Dr.  Peters  at  Hamilton  College^ 
Mr.  Safford  was  surprised  to  find  that  only  three  of  the  series, 
namely,  the  places  for  1 86 1,  May  9, 1 1*  and  1 2,  could  be  reconciled 
with  the  Cambridge  (U.  S.)  observations.  A  reference  to  Mr. 
Hall's  ephemeris  of  Maia  showed  that  it  represented  the  Cambridge 
observations  of  Maia  from  April  9  to  May  27,  nine  in  number,  and 
also  the  first  three  of  those  of  Dr.  Peters,  but  that  it  did  not 
represent  the  later  observations  of  Dr.  Peters.  It  was  at  once 
conjectured  that,  in  the  interval  between  May  1 2  and  May  29, 
when  clouds  and  moonlight  intervened  to  prevent  a  close  follow- 
ing of  Maia,  which  was  only  of  the  1 3  th  magnitude,  Dr.  Peters 
had  lost  its  trace,  and  on  resuming  his  observations  had  fallen  on  a 
new  planet" 
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Cfyiie  ©.—This  planet  was  detected  by  Mr.  Tutde,  at  Oambridse, 
U.  S.,  on  the  morning  of  April  8  (3^  A.  u,),  1 862.  It  waa  of  die 
twelfth  magnitude. 

Galatea  @.— Galatea  wa9  first  seen  by  M.  Tempel,  at  Marseille!^ 
on  the  evening  of  the  29th  of  August^  1 862,  the  planet  being  of 
the  eleventh  magnitude. 

Eurydice  @.~Pr.  C.  H.  F.  Peters  discovered  this  planet  on  the 
22nd  of  September,  1 862,  at  Clinton,  U.  S.,  shining  as  a  star  of  the 
eleventh  magnitude. 

Fireia  (g). — The  planet  Freia  was  first  observed  by  Professor 
D* Arrest,  at  Copenhagen,  on  the  2 1  st  of  October,  1 862.  It  Tvas  of 
the  twelfth  magnitude. 

Frigga  ^ — IHscovered  by  Dr.  0.  H.  F.  Peters,  on  the  i  zth  of 
November^  1 862,  at  Clinton,  U .  S. 

Diana  @.— The  planet  Diana  was  found  by  Dr.  R.  Luther,  who 
first  saw  it  on  the  1 5th  of  March,  1 863.  Its  estimated  magnitude 
was  the  tenth. 

Eurynome  (jt).— Eurynome  was  discovered  by  Mr.  Wataon,  at 
Ann  Arbor,  Michigan,  U.  S.,  on  the  1 4th  of  September,  1 863,ahininp 
as  a  star  of  the  tenth  magnitude.  M.  Tempel,  of  Marseilles,  made 
an  independent  discovery  of  this  planet  on  October  1 3. 

Sappho  @. — The  planet  Sappho  was  found  at  Madras,  by 
Mr.  Pogson,  on  the  3rd  of  May,  1 864.  Its  estimated  magnitude 
was  the  eleventh. 

Terpaickore  @, — ^This  is  the  fourth  planet  discovered  1^  M. 
Tempd,  of  Marseilles.  It  was  first  noticed  on  the  30th  of  Sep- 
tember, 1 864,  the  magnitude  being  the  tenth. 

Akmene  ©.—Discovered  by  Dr.  R.  Luther,  on  the  27th  of 
November,  1864,  at  about  9I  h.  in  the  evening.  Its  estimated 
magnitude  was  the  eleventh. 

Beatrix  @.  This  minor  planet  was  first  observed  by  M.  de 
Gasparis,  at  Naples,  <hi  the  26th  of  April,  1865.  Its  planetary 
nature  was  detected  by  comparisons  of  its  position  with  that  of 
Weisse  xiii.  1 3.  The  planet  shone  equal  to  a  star  of  the  tenth  or 
eleventh  magnitude. 

CUo  @. — This  planet  is  another  of  Dr.  R.  Luther's  discoveries. 
It  was  first  observed  on  the  2  5  th  of  August,  1 865,  shining  as  a  star 
of  the  tenth  magnitude. 

lo  ©.—Discovered  by  Dr.  C.  H.  F.  Peters,  at  Clinton,  U.  S.,  on 
the  19th  of  September,  1865.  Its  estimated  magnitude  was  the 
tenth* 

SetMie  (w). — The  planet  Semele  was  detected  at  Berlin,  by 
Dr  Tietjen,  on  the  6th  of  January,  1 866,  while  searching  for  lo. 
It  was  a  very  faint  object,  its  magnitude  being  the  twelfth. 

Sylvia  ©.—Discovered  by  Mr.  Pogson,  at  Madras,  on  the  16th 
of  May,  1 866. 
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Thisbe  ©.—Discovered  by  Dr.  C.  H.  F.  Peters,  at  Clinton,  U.  S., 
on  the  15  th  of  June,  1866. 

@. — ^Discovered  by  M.  St^han,  at  ManeiUes,  on  the 
6th  of  August,  1866. 

Antiope  @. — This  is  the  fifteenth  pknet  discovered  by  Dr.  R. 
Luther,  who  now  stands  at  the  head  of  pknet-discoverers,  having 
exceeded  the  number  of  the  late  M.  Goldschmidt  by  one.  This 
planet  was  first  observed  on  the  ist  of  October,  1 866. 

©.—Discovered  by  M.  St^han  on  Nov.  5  (2**  A.M.),  1866. 

373.  Becreaae  In  biiylitnaaa  of  snecesilTe  croups  of 
planetoids. — It  is  very  probable  that  nearly  all  the  bxifi^ter 
members  of  this  remarkable  group  of  minor  planets  have  now  been 
Uncovered,  and  that  those  remaining  wiU  require  the  best  optical 
means  for  their  detection.  Notwithstanding,  however,  the  extreme 
minuteness  of  these  objects,  and  the  excessive  delicacy  of  observa- 
tion required,  there  does  not  appear  to  be  any  falling  off  in  the  zeal 
of  those  observers  who  have  particularly  devoted  themselves  to 
this  class  of  astronomical  labour.  Year  after  year  adds  new  names 
to  the  known  members  of  our  solar  system.  As  might  have  been 
expected,  the  biightest  members  were  generally  foimd  first,  the 
four  discovered  in  the  beginning  of  this  century  having,  at  opposi- 
tion, magnitudes  varying  from  the  sixth  to  the  eighth.  As  an 
illustration  of  the  gradiud  decrease  in  brightness  of  successive 
grourpe  of  these  small  bodies,  we  have  collected  their  mean  op- 
position magnitudes,  and  formed  them  into  groups  in  order  of 
discovery.    The  result  is  exhibited  in  the  following  table  : — 
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Again,  we  have  made  a  similar  operation  with  regard  to  the 
planets*  mean  distances  from  the  sun,  and  have  found  that  a  very 
strong  tendency  is  shown  in  the  same  direction.  Taking  the  first 
twenty  planets  in  order  of  discovery,  their  mean  distance  from  the 
SOD,  that  of  the  earth  being  unity,  is  2*52 ;  in  the  second  twenty  it 
it  t6j  )  in  the  third,  2*68 ;  and  in  the  fourth,  271.  These  num- 
bers would  seem  to  indicate  that  the  day  of  finding  these  minute 
ol^ects  with  very  small  telescopes  is  gone,  and  that  observers  in 
futore  will  scarcely  hope  to  succeed  in  adding  to  the  list,  unless 
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they  hare  at  command  mstruments  fumi^ed  with  object-glattet 
of  considerable  aperture. 

374.  BnpUeaM  dlito^erlgBii  We  have  mentioDed  inciden- 
tally that  several  of  the  planets  in  the  preceding  list  have  he&a  dis« 
covered  by  two  or  more  observers  independently.  This  gives  a 
good  practical  illustration  of  the  careful  methods  adopted  in 
searching  for  these  bodies.  For  example,  Irene  was  fiist  seen  by 
Mr.  Hind  on  the  I9tb  of  May,  1 85 1,  and  by  M.  de  Ga^aris  on  the 
23rd  ,of  May.  Masnlia  was  first  observed  by  M.  de  G^asparis  on 
the  19th  of  September,  1 852,  and  by  M.  Chacomac  on  the  20th  of 
September;  whilst  Amphitrite  was  discovered  separately  by  no 
less  than  three  observers;  by  Mr.  Marth  on  the  ist  of  Maich, 
1 854,  by  Mr.  Pogson  on  the  and  of  March,  and  by  M.  Chacomac 
on  the  3rd  of  Msrch.  One  or  two  others  were  also  found  indepen- 
dently by  two  observers,  but  the  interval  of  time  between  the  two 
discoveries  was  longer  than  those  mentioned  above ;  lor  instance, 
Virginia  was  discovered  by  Dr.  R.  Luther  on  the  19th  of  October, 
1857,  before  the  intelligence  of  its  previouadisooveiy  on  the  4th  of 
October  was  received  from  America;  and  Eurynome  was  similarly 
observed  by  M.  Tempel  before  information  had  reached  him  of 
its  discovery  by  Mr.  Watson  nearly  a  month  previously. 

375.  Anrnnyement  for  ooDttanona  ob— rrattonai  When 
the  number  of  minor  planets  was  small,  no  difficulty  was  expe- 
rienced in  fixed  observatories  in  obtaining  a  sufficient  number  of 
observations  of  each  object  for  the  determination  and  correction  of 
the  elements  of  its  orbit  When  the  number,  however,  had  in- 
creased to  an  extent  which  was  found  to  interfere  seriously  with 
the  ordinary  astronomical  work,  the  directors  of  the  principal 
observatories  agreed  that  some  mutual  arrangement  ought  to  be 
made  for  their  continuous  observation.  At  first,  a  selection  of 
eight  was  made  as  the  special  charge  of  each  establishment  At 
the  Royal  Observatory,  Greenwich,  all  which  were  provided  wi^ 
a  tolerably  correct  ephemeris  were  assiduously  observed.  This 
labour  eventually  became  so  great,  that  a  mutual  understanding, 
or  convention,  took  place  between  the  Astronomer  Royal,  on  the 
part  of  the  Royal  Observatory,  and  M.  Le  Verrier,  on  that  of  the 
Imperial  Observatory  of  Paris,  to  divide  the  observations  of  minor 
planets  between  the  two  national  observatories.  This  convention 
was  drawn  up  in  the  year  1 863,  by  which  it  was  agreed  that  all 
the  minor  planets  which  passed  the  meridian  between  10  p.m.  and 
I  A.H.  in  the  first  half  of  the  lunation  should  be  ofasarved  at 
Greenwich,  and  those  which  culminated  between  the  same 
hours  in  the  eeoond  half  of  tbe  lunation  should  be  observed  at 
Paris.  Thb  arrangement  has  been  continued  with  great  success, 
all  the  observations  and  results  being  published  in  the  Greenwich 


THE  PLANETOIDS.  230  e 

Adromomiedl  Ohservatiom,  and  also  in  the  AnndUs  de  VObtervatoire 
lmp4rUd  de  Parti,  The  minor  planets  are  also  observed  witn  great 
regularity  at  most  of  the  principal  foreign  obserratories;  particu- 
larly at  Washington,  Leyden,  Berlin,  &c 

376.  XmU  of  tlM  dlaoovevera.— A  glance  at  the  names  of  the 
astronomers  who  have  distinguished  themselves  in  the  discovery 
of  the  minor  planets,  will  give  some  idea  of  their  unbounded  energy 
and  leal  in  the  prosecution  of  their  labours.  It  is  difficult  to 
realize  in  one*s  mind  the  constant  examination  of  the  heavens,  or 
the  hours  of  anxious  watching,  required,  before  one  of  these  small 
bodies  can  be  identified  as  a  planet  Many  of  our  most  fruitful 
discoverers  have  only  succeeded  after  mapping  down  every  minute 
star  in  certain  limited  zones  in  the  heavens.  Even  in  tiiis  work 
they  may  have  spent  hours  on  every  clear  night  for  many  months 
before  receiving  die  reward  of  their  difficult  and  harassing  employ- 
ment. For  our  knowledge  of  the  existence  of  these  small  items  of 
our  solar  system,  we  are  indebted  to  Dr.  R.  Luther  for  no  less  than 
fifteen ;  to  Jki.  Goldschmidt,  fourteen ;  to  Mr.  Hind,  ten)  to  M.  de 
Gasparis,  nine\  to  M.  Chaoomac  and  Mr.  Fogson,  six  each;  to 
Dr.  C.  H.  F.  Peters, ^iw ;  to  M.  Tempel,  four*,  to  Mr.  Ferguson, 
ikne ;  to  MM.  Olbers,  Hencke,  Tuttle,  and  St^pban,  two  each ;  to 
MM  Piazzi,  Harding,  Graham,  Marth,  Laurent,  Searle,  Schia- 
parelH,  D*Arr<^  Watson,  and  Tietjep,  one  each;  and  finally  to 
MM  Forster  and  Lesser,  one  jointly. 

377.  Tbe  renwrlLaUe  aeeordaiioe  of  tbo  pluotoids  wltli 
Hr.  oibors*  bjpotliosla. — The  orbits  of  the  planetoids  are  all 
comprised  between  the  mean  distances  2*a  and  3*5,  that  of  the 
earth  being  1*0.  The  magnitudes  of  all  these  bodies,  with  one  or 
two  exceptions,  are  too  minute  to  be  ascertained  by  any  means  of 
measurement  hitherto  discovered,  and  may  be  inferred  with  great 
probability  not  to  exceed  100  miles  in  diameter.  The  largest  of 
the  group  is  probably  less  than  500  miles  in  diameter,  while  those 
which  are  considered  the  most  minute  are  supposed  to  be  only  a 
few  miles  in  diameter.  It  cannot  fail,  therefore,  to  be  observed  in 
how  remarkable  a  manner  the  planetoids  generally  conform  to  the 
conditions  involved  in  the  hypothesis  of  Dr.  Olbers. 

377  a.  Xntaal  rolattoao  ^otwoon  tlio  orMta  of  tbo 
VlaBotoida. — ^It  cannot,  however,  be  denied  that  theie  is  much 
uncertainty  in  maintaining  this  theory  of  Dr.  Olbers  as  the  true 
origin  of  tiiat  ring  of  small  bodies  between  Mars  and  Jupiter.  The 
hjpothe^iB  of  their  being  shattered  fragments  of  some  brilliantly 
large  planet,  which  might  have  been  the  focus  of  a  great  catastrophe 
countless  ages  ago,  may  or  may  not  be  true ;  but  the  researches  of 
modem  mathematicians  certainly  do  not  appear  to  justify  our 
receiving  it,  except  only  as  a  possible  assumption.    Mr.  Newcomb, 
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an  American  astronomer,  has  diacossed,  with  great  cleiiniefia,  Ae 
mutual  relations  and  secular  Tariationa  of  the  orbits  of  llie  plaii<>toi^ 
and  he  consideis  that  Dr.  Olbers*  celebrated  hypothesis  has  the 
advantage  of  apparently  accounting  for  the  phenomena,  oonsidaed 
in  their  mere  salient  aspects,  in  a  very  remarkable  manner.  For 
if  we  consider  the  phenomenon  of  the  piaoe  of  a  single  large  planet 
being  filled  by  probably  hundreds  of  small  ones  of  different  magni- 
tudes, some  with  large  inclinations  and  exoentricities,  and  whoK 
mean  distances  differ  but  slightly,  we  might  naturally  expect  audi 
a  result  to  arise  from  the  force  necessary  to  break  the  planet  into 
numerous  fragments,  each  very  small  in  comparison  with  the 
original  Mr.  Newcomb  remarks :  <^We  shall  see  that  when  we 
carry  the  results  of  this  hypothesis  to  numerical  exactness,  the 
observed  phenomena  are  very  far  from  agreeing  with  this  idea. 
Moreover,  it  is  difficult,  perhaps  impoanbk,  to  imagine  how  any 
known  natural  cause,  or  combination  of  causes,  should  produce 
such  a  result  as  a  shattering  of  a  planet.  But  since  the  limits  of 
our  knowledge  are  not  necessarily  the  Emits  of  possibility,  this 
objection  is  not  fatal,  and  it  Ib  difficult  to  say  what  weifi^  ooght 
to  be  assigned  for  if  In  this  elaborate  investigation,  Mr.  Newcomb 
has  discussed  the  possibility  of  the  orbits  of  all  the  planetoids 
having  once  intersected  in  a  common  point,  and  whether  they  have 
ever  been  materially  affected  by  a  resisting  medium.  He  has  also 
computed  the  relations  between  the  mean  distances,  excentricities, 
and  inclinations  of  the  orbits ;  and  also  between  the  masses  and 
the  velocities  with  which  they  must  have  been  projected,  if 
Olbers'  hypothesis  be  true.  The  conclusion  to  which  Mr.  Newcomb 
has  arrived  is,  that  though  there  are  some  peculiarities  in  the 
mutual  relations  between  the  orbits  of  the  planetoids  which  might 
favour  this  hypothesis,  yet  there  are  a  far  greater  number  of  cases 
which  undoubtedly  negative  the  assumption.  Taking,  however, 
the  break  in  Bode's  law  as  an  argument  in  support  of  a  shattered 
planet,  there  are  many  astronomers  still  inclined  to  regard  it  as  a 
subject  open  to  speculation. 

3  78*  Voree  of  cntTitj  on  tbe  planetoids* — ^From  the  minute- 
ness of  their  masses,  the  force  of  gravity  on  the  surfaces  of  these 
bodies  must  be  very  inconsiderable,  and  this  would  account  far  a 
much  greater  altitude  of  their  atmospheres  than  is  observed  on  the 
larger  planets,  since  the  same  volume  of  air  feebly  attracted  would 
dilate  into  a  volume  comparatively  enormous.  Muscular  power 
would  be  more  efficadous  on  them  in  the  same  proportion.  Thus 
a  man  might  spring  upwards  sixty  or  eighty  perpendicular  feet,  and 
return  to  the  ground  sustaining  no  greater  shock  than  would  be  felt 
upon  the  earth  in  descending  from  the  height  of  two  or  three  feet. 
/*0n  such  planets,''  observes  Herschel,  "giants  might  exist,  and 
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those  enoimous  animals  which  un  earth  ro^uire  the  huojant  power 
of  water  to  counteract  their  weight" 
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379.  V^vtea  «3rstttm. — Passing  across  the  wide  space  which 
lies  beyond  the  range  of  the  planets,  which  with  the  earth,  revolye 
as  it  were  ondar  the  wing  of  the  sun, — a  space  which  was  regarded 
as  an  anomalotts  desert  in  the  planetary  regions  until  contemporary- 
explore^rs  found  there  what  seem  to  be  the  ruins  of  a  shattered 
world, -^  we  arrive  at  the  theatre  of  other  and  more  stupendous 
coemical  phanom^ma.  The  succeedon  of  planets,  broken  by  the 
absence  of  one  in  the  place  occupied  by  the  planetoids,  is  resumed, 
and  four  orbs  are  found  constructed  upon  a  comparatively  Titdnic 
acale,  each  attmded  by  a  splendid  system  of  moons  presenting  a 
miniature  of  the  solar  system  itseli^  and  revolving  round  the  common 
centre  of  light,  heat,  and  attraction  at  distances  which  almost  con- 
found the  imagination. 

380.  9e«io4.— *Tlie  synodic  period  of  Jupiter  is  ascertained  by 
obeervation  to  be  about  399  days.  Its  sidereal  period  is  4332*6 
days,  or  ii'S6 years. 

381.  iMf  mrir  from  tlie  mm. — The  mean  distance  of  Jupiter 
from  the  sun  is  about  ^^  times  that  of  the  earth,  and  since  the  earth's 
mean  dietanoe  is  91^  millions  of  miles,  that  of  Jupiter  must  be 
475(  millions  of  miles. 

The  excentricity  of  Jupiter*s  orlut  being  0*048,  this  distance  is 
liable  to  variation,  being  augmented  in  aphelion  and  diminished  in 
perihelion  by  23  millions  of  miles.  The  greatest  distance  of  the 
pknet  from  tha  sua  is  therefore  498,  and  tiie  least  493  millions  of 
miles. 

The  small  exoeatricity  of  the  orbit  of  this  planet,  combined  with 
its  small  indination  to  the  jdane  of  the  ecliptic,  is  of  great  impor- 
tance in  its  efiect  in  limiting  the  disturbances  consequent  upon  its 
mass,  whidi  is  greater  than  the  aggregate  of  the  masses  of  all  the 
other  planets  primaiy  and  secondary  taken  together.  If  the  orbit 
of  Jupiter  had  an  excentricity  and  inclination  as  considerable  as 
those  of  the  planet  Juno,  the  perturbations  produced  by  his  mass 
upon  the  motions  of  the  other  bodies  of  the  system,  would  be 
twenty-seven  times  greater  than  they  are  with  its  present  small 
excentricity  and  inclination. 
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382.  SelatlTtt  Mttl0  of  the  orbits  of  Jupiter  ana  the  esrtli. 

— The  relatiye  magnitude  of  the  distances  of  Jupiter  and  the  earth 
from  the  sun,  and  ^e  apparent  magnitude  of  the  orhit  of  the  eartli 
as  seen  from  Jupiter,  are  represented  in^.  65,  where  the  planet  is 
at  J,  the  sun  at  s,  and  the  orhit  of  the  earth  s  e'  y^"  y^\ 

The  direction  of  the  orhital  motions  heing  represented  hj  the 
arrows,  it  will  be  evident  that  when  the  earth  is  at  £  the  planet  i^ 
in  opposition,  (it  %"'  in  conjunction,  at  £^  in  quadrature  west,  and  at 
"Mt'  in  quadrature  east  of  the  sun. 

383.  Itis  prodicioue  orHital  Toloeity.  -^  The  Telocities  with 
which  the  planets  move  through  space  in  their  circumsolar  courses 
are  on  the  same  prodigious  scale  as  their  distances  and  magnitudes.^ 
It  is  impossible,  by  ^e  mere  numerical  expression  of  these  enor- 
mous magnitudes  and  motions,  to  acquire  anj  tolerablj  clear  or 
distinct  notion  of  them.  A  cannon  ball  moving  at  the  rate  of  500 
miles  an  hour  would  take  nearly  a  centuiy  to  come  from  Jupiter  to 
the  earth,  even  when  the  planet  is  nearest  to  us,  and  a  steam-engine 
moving  on  a  raHway  at  50  miles  an  hour  would  take  nine  centuries 
to  perform  the  same  trip. 

Taking  the  diameter  of  Jupiter's  orbit  at  iqoo  millions  of  miles, 
its  circumference  is  above  3000  millions  of  miles,  which  it  moves 
over  in  4333  days.  The  distance  it  travels  is,  therefore,  about 
700,000  miles  per  day^  30,000  per  hour,  500  per  minute,  and  8^  per 
second, — a  spe^^d  sixty  times  greater  than  that  of  a  cannon  baU.    . 

3  84.  Jupiter  has  no  sensible  phases*  —  The  mere  inspection 
of  the  diagram,^!^.  65,  will  show  that  this  planet  cannot  be  sensibly 
gibbous  in  any  position.  The  position  in  which  the  enlightened 
hemisphere  is  in  view  most  obliquely  is  when  the  earth  is  at  b'  or 
it!\  and  the  planet  consequently  in  quadrature,  and  even  then  the 
centre  of  the  visible  hemisphere  is  only  11^  distant  from  the  centre 
of  the  enlightened  hemisphere. 

385.  Appearaaee  in  the  firmament  at  nifht. —  Since 
between  quadrature  and  opposition  the  planet  is  above  the  horizon 
during  the  greater  part  of  the  night,  and  appears  with  a  full  phase, 
it  is  thus  £a70urably  placed  for  obaeitFation  during  6  months  in 
1 3  months. 

386.  Stations  and  retrogression,  —  From  a  comparison  of 
the  orbital  motions  and  distance  of  Jupiter  and  the  earth,  it  appears 
that  the  planet  is  stadonary  at  about  two  months  before  and  two 
months  after  opposition ;  and  since  the  earth  gains  upoa  the  planet 
at  the  daily  rate  of  0^*902,  the  angle  it  gains  in  two  months  or  sixty 
days  must  be  54^'  1 2.  The  angular  4i8tance  >of  the  points  of  sta- 
tion from  opposition,  as  seen  from  the  sun,  is  therefore  about  54^, 
which  corresponds  to  an  elongation  of  1 14^. 

The  planet  is  therefore  stationary  at  about  66^  on  each  side  of  its 
oppoution. 
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Ita  arc  of  letrogreesion  is  a  little  less  than  io%  and  the  time  of 
describing  it  varies  from  1 1 7  to  1 23  days. 

387.  Apparent  mad  real  diameters.  —  The  apparent  diameter 
of  Jupiter  when  in  opposition  varies  from  42''  to  48",  aocording 
to  the  relative  positions  of  the  planet  and  the  eartiii  in  their 
elliptic  orbits.  At  its  mean  opposition  distance  from  the  earth  its 
apparent  magnitude  is  45''.  In  conjunction  the  mean  appaieait 
diameter  is  ^&%  its  value  at  the  mean  distance  from  the  ear^ 
being  3  7  J". 

According  to  the  most  accurate  methods,  the  mean  diameter  is 
ascertained  to  be  84,846  miles.  The  diameter  of  Jupiter  is  there- 
fore 1070  times  that  of  the  earth. 

388.  JTupiter  a  eoaspieaeas  el^eet  la  the  flrmamea^  — 
relative  spleadeiir  ef  Japlter  and  Mars. — Although  the 
apparent  magnitude  of  Jupiter  is  less  than  that  of  Venus,  the  fonner 
is  a  more  conspicuous  and  more  easily  observable  object,  inasmuch 
as  when  in  opposition  it  is  in  the  meridian  at  midnight,  and  when 
its  oppotttion  takes  place  in  winter,  it  passes  the  meridian  at  an 
altitude  nearly  equal  to  that  which  the  sun  has  at  the  summer 
solstice.  By  reason,  therefore,  of  this  circumstance,  and  the 
complete  absence  of  all  solar  light^  the  splendour  of  the  planet  is 
very  great,  whereas  Venus,  even  at  the  greatest  elongatioii, 
descends  generally  near  the  horiion  before  the  entire  cessadoQ  d 
twilight 

The  (^parent  splendour  of  a  planet  depends  conjointly  cm  the 
apparent  area  of  its  disk,  and  the  intensity  of  the  illumination  of  its 
surface.    The  area  of  the  disk  is  proportional  to  the  square  of  its 
apparent  diameter,  and  the  illumination  of  the  suiface  depends  j 
conjointly  on  the  intensity  of  the  sun's  light  at  the  planet^  and  the 
reflecting  power  of  the  surface.    On  comparing  Mars  with  Jupiteiyj 
we  find  ike  apparent  splendour  of  the  latter  planet  much  greater  thaai 
it  ought  to  be,  as  compared  with  the  former,  if  the  reflecting  power 
of  these  surfaces  were  the  same,  and  are  consequently  compelled  to 
conclude  that  the  surface  of  Mars  is  endowed  with  some  physical 
quality,  in  virtue  of  which  it  absorbs  much  more  of  the  solar  ligh| 
incident  upon  it  than  that  of  Jupiter  does.    When  the 
diameter  of  the  latter  is  twice  that  of  the  fonner,  its  apparent 
is  fourfold  that  of  the  fonner.    But  the  intensity  of  the  solar  ligl 
at  Jupiter  is  at  the  same  time  about  thirteen  times  less  than 
Mars;  and  if  the  reflective  power  of  the  surfaces  were  equal,  On 
apparent  splendour  of  Mars  would  be  more  than  three  times  thi 
of  Jupiter.    The  reflective  power  must,  thereJGDre,  be  less  in  i 
sufficient  proportion  to  explain  the  inferior  splendour  of  Mars,  unlesi^ 
indeed,  the  very  improbable  supposition  be  admitted  that  there  may 
be  a  source  of  light  in  Jupiter  independent  of  solar  iUominatioQ. 
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-  389.  SvHkee  mad  ▼dlmiie. — The  surface  of  Japifer  is  above 
115  times,  and  its  yolame  about  1 233  times,  those  of  the  earth. 

To  produce  a  globe  such  as  that  of  Jupiter,  it  would  be  ne« 
cessary  to  mould  into  a  single  globe  1233  globes  like  that  of  the 
earth. 

The  relatiye  mi^^itudes  of  the  globes  of  Jupiter  and  the  earth 
are  represented  in  JS^.  66  by  j  and  b. 


.     Fig.  66^ 

390.  Solar  llglit  mad  bemt.  —  The  mean  distance  of  Jupiter 
'firora  the  sun  being  5*2  times  that  of  the  earth,  the  apparent 
diameter  of  the  sim  to  the  inhabitants  of  that  planet  will  be 


Fif.67. 

lest  than  its  apparent  diameter  at  the  earth  in  the  proportion  of 
5-2  to  I.  The  relative  apparent  magnitudes  of  the  disk  of  the 
ton  at  Jupiterand  at  the  earth  are  represented  in  Jiff.  67  At  s  and  /• 
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The  denntj  of  solar  xadiation  being  in  tke  exact  prG^oxtkoi  d 
tiie  apparent  superficial  magnitudes  of  the  disks,  the  illuminating 
and  heating  powers  of  the  son  will,  eeiens  paribta,  be  kea  in  the 
tame  proportion  at  Jupiter  than  at  the  earth. 

As  has  been  already  observed,  however,  this  diminished  power 
as  well  of  illumination  as  of  warmth,  may  be  compensated  bj  other 
physical  provisions. 

391.  motatloB  aaa  direetfoa  9f  tiM  axta. —  Althougb  the 
lineaments  of  light  and  diade  on  Jupiter's  disk  are  generally 
subject  to  variations,  which  prove  them  to  be,  for  the  most  part, 
atmospheric,  nevertheless  permanent  marks  have  been  ocrasionally 
seen,  by  means  of  which  tjie  diurnal  rotation  and  the  direction  of 
the  axis  have  been  ascertained  within  very  minute  limits  of  eorror. 
The  earlier  observers,  whose  instruments  were  imperfect,  and 
observations  consequently  inaccurate  comparatively  with  those  of 
more  recent  date,  ascertained  nevertheless  the  period  of  rotation 
with  a  degree  of  approximation  to  the  results  of  the  most  ekborate 
observations  of  the  present  day  which  is  truly  surprising,  as  may 
appear  by  the  following  statement  of  the  estimates  of  vaiious 
astronomers :  — 

b  in    • 

CM«1nl  (i66<)  •  «  •  *  •  •0560 

Siivabelle      -  •  .  •  ..  .9560 

8chri>ter(i7«6)  -  -  •  -  -  I   ^    **    "^ 

MicUer(i835)  I  I  I  !  !  !   |   55    S56 

The  estimate  of  Professor  Aiiy  is  based  upon  a  set  of  observadons 
made  at  the  Cambridge  Observatory.  That  of  Madler  is  founded 
upon  a  series  of  observations,  commencing  on  the  3rd  of  November, 
1834,  and  continued  upon  every  dear  night  until  April,  1835^ 
during  which  interval  the  planet  made  400  revolutions.  These 
observations  were  favoured  by  the  presence  of  two  remarkable 
spots  near  the  equator  of  the  planet,  which  retained  their  position 
unaltered  for  several  months.  The  period  was  determined  by  ob^ 
serving  the  moments  at  which  the  centres  of  the  spots  airived  at 
the  middle  of  the  disk. 

The  direction  of  the  apparent  motion  of  the  spots  gave  the  posi- 
tion of  the  equator,  and  consequently  of  the  axis,  which  is  inclined 
to  the  plane  of  the  planet's  orbit  at  an  angle  of  3^  6\ 

The  length  of  the  Jovian  day  is  therefore  less  than  that  of  the 
terrestrial  day  in  the  ratio  of  596  to  144O;  or  I  to  2-42. 

392.  Jovimn  years. —  Since  the  period  of  Jupiter  la  4332*6 
terrestrial  days,  it  wUl  consist  of  10484*9  Jovian  days.* 

'  *  The  day  here  computed  is  tfae  sidereal  day,  which,  in  the  caae  of  Hk 
'mperior  planets,  diffsre  from  the  mean  aolar  day  by  a  qnantity  so  inaignifl- 
laat  thai  it  may  be  neglected  in  eoch  Uluatratians  as  theee. 
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393.  .flMMOos. —  At  the  Jovian  eqninozes  the  length  of  the 
llay  in  terrestrial  time  must  be  4^  57**  43*  '3.  Owing  to  the  Yeary 
small  obliquity  of  the  plane  of  the  planet*i  equator  to  that  of  itf 
orbit,  not  much  exceeding  the  eighth  part  of  the  obliquity  of  the 
earth's  equator,  the  difierence  of  the  extreme  length  of  the  day^ 
mt  midsummer  and  midwinter^  even  at  high  latitudes^  must  neces* 
Miily  be  inialL    Thus  at 

h    m  t  . 

LaU4Qp.— I/mitettdajr         •         •         •         •         •5626 
ShortMtdajr         •         *         •         •         ^44914 


•  •  •    o    17    Ift 

lAt6oP.— ^Longwtdaf  •         •         •         •         •   5    15   47 

SboitaUdqr  •         •  -         •         •   4   39   5J 
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'  The  diurnal  phenomena  at  midwinter  and  midsummer  on  the 
earth  in  latitudes  higher  than  66}^  are  only  exhibited  on  Jupiter 
within  a  small  circle  circumscribing  the  pole  at  a  distance  of 
3<>6'. 

The  extremes  of  temperature,  so  far  as  they  depend  on  the 
varying  distance  of  the  planet  from  the  sun,  being  in  the  propor^ 
tion  of  the  squares  of  the  aphelion  and  perihelion  distances,  are  as 
5  to  6  nearly. 

It  appears,  therefore,  that  except  in  the  near  neighbouibood  of 
the  poles,  the  vicissitudes  of  temperature  and  season  to  which  thtf 
smikce  of  this  planet  is  exposed,  whether  arising  from  the  obli-( 
quity  of  its  axis  or  the  excentrid^  of  its  orbity  are  confined  within 
extremely  narrow  limits. 

394.  TeleMoplo  appeurmnea  of  Tnpltar.  —  Of  all  the  bodies 
of  the  system,  the  moon  perhaps  alone  excepted,  Jupiter  presents 
to  the  telescopic  observer  the  most  magnificent  spectacle.  Not* 
withstanding  its  vast  distance,  sucb  is  its  stupendous  magnitude 
that  it  is  seen  under  a  visual  angle  nearly  twice  that  of  Mars.  A 
telescope  of  a  given  power,  therefore,  shows  it  with  an  apparent 
disk  four  times  greater.  It  has,  consequently,  been  submitted  to 
examination  by  the  most  eminent  observers,  and  its  appearances 
described  with  great  minuteness  of  detail. 

395.  Mmtgniffing  powers  neoeMary  to  sliow  the  fsetoree 
•r  tbe  Olak. — A  power  of  four  or  five  is  sufficient  to  enable  the 
observer  to  see  the  planet  with  a  sensible  disk ;  a  power  of  thirty 
shows  the  more  prominent  belts  and  the  oval  form  of  the  disk 
produced  by  the  oblateness  of  the  spheroid ;  but  to  be  enabled  to 
observe  the  finer  streaks  which  prevail  at  greater  distances  from 
the  planet's  equator,  it  is  not  only  necessaiy  to  see  the  planet  und^ 
finrourable  circumstances  of  position  and  atmosphere,  but  to  be 
aided  by  a  well-defining  tdescbpe  with  magnifying  powers  varyiag 
fiom  200  to  300.-  ^ ..    .  :.  i.  ... 
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396.  m^lhm  —  tlieir  amuMremant  aad  appeanaoe. — The 

plaoety  when  tEcu  viewed,  I4)peiur8  to  exhibit  a  disk,  the  giotiiKl  of 
which  is  a  light  jellowiah  colour,  brighteet  near  its  equator,  and 
melting  graduallj  into  a  leaden-coloured  grej  towards  the  poJea, 
still'  retaining,  neverthelesB,  somewhat  of  its  yellowish  hue.  Upon 
tills  ground  are  seen  a  series  of  browni^-grej  streaks,  resembling' 
in  their  form  and  anrangement  the  streaks  of  clouds  which  aro 
often  observed  in  the  sky  on -a  fine  calm  evening  after  sona^ 
Many  observers  have  notieed  the  colour  of  these  streaks  as  havinf^ 
a  reddish  tinge,  a. pale  brick-red.  Their  general  direction  is 
parallel  to  the  equator  of  the  planet,  though  sometimes  a  departure 
from  strict  parallelism  iM  observable.  They  are  not  all  equally 
conspicuous  or- distinctly  defined.  Two  are  generally  striMngly 
observable,  being  extended  north  and  south  of  tiie  planet's  equator, 
separated  by  a  bright  yellow  zone,  being  a  part  of  the  genecsl 
ground  of  ihe  disk.  These  principal  streaks  commonly  extend 
around  the  globe  of  the  planet,  being  visible  without  much  change 
of  form  during  an  entire  revolution  of  Jupiter.  This,  however,  is 
not  always  the  case,  for  it  has  happened,  though  rarely,  that  one  of 
these  streaks,  at  a  certain  point,  was  broken  sharply  off  so  aa  to 
present  to  the  observer,  an  extremity  so  well  defined  and  un- 
yarying  for  a  considerable  time  as  to  supply  the  means  of  ascer^ 
taining,  with  a  very  dose  approximation,  the  time  of  the  planet's 
rotation.  The  Ixntlers  of  these  principal  streaks  are  sometinMa 
9harp  and  even,  but,  sometimes  (those  especially  which  are  further 
from  the  equator)  rugged  and  unev^  throwing  out  anna  and 
o£&hoots. 

397.  Those  near  tlie  polea  more  fldat. — On  the  parts  of 
the  disk  more  remote  from  the  equator,  the  streaks  are  much  more 
faint,  narrower,  and  less  regular  in  their  parallelism,  an<]^  can 
seldom  be  distinctly  seen,  except  by  practised  observers,  with  good 
telescopes.  With  these,  however,  what  appears  near  the  poles,  in 
instruments  of  inferior  power,  as  a  dim  shading  of  a  yellowish 
grey  hue,  is  resolved  into  a  system  of  fine  parallel  streaks  in  dose 
juxtaposition,  which  becoming  closer,  in  i^roaching  the  pole, 
finally  coalesce. 

398.  Biaappoar  near  the  limb* — In  general,  all  the  streaks 
become  less  and  less  distinct  towards  either  Hie  easteic  or  western 
limb,  disappearing  altogether  at  the  limb  itselfl 

399.  Belta  Bot  Benographieal  feaaarea*  bat  atmospherle. 
— Although  these  streaks  have  infinitely  greater  permanency  than 
the  arrangements  of  the  clouds  of  our  atmosphere,  and  are,  as  we 
have  seen,  even  more  permanent  than  is  necessary  for  the  exact 
determination  of  the  pluiet's  rotation,  they  are  nevertheless  entirely 
destitute  of  that  permanence  which  would  characterise  Zenogjaphif 
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fBflffcara^  Biidi  as  are  obeerred,  for  example,  on  Mara. '  The  aireaikB, 
on  the  Gontraiy,  are  sabject  to  slow  but  eyident  Tariationay  so.tha^ 
mfter  the  liaise  of  .aome  montha  the  i^pearanoe  of  the  disk  ia  totallj 
dianged. 

400.  Tetoaoopie  •dnewteva  of  «tipit«r  hy  BCidtor  Ana  Kerr 
laahrti — Theee  general  obaervationa  on  the  appearance  of  Jupiter'a 
diak  win  be  rendered  more  deady  intelligible  by  reference  to  the 
teleacopic  drawinga  of  the  planet  given  in  Plate  XIX.  In  Jiff,  i 
18  given  a  telescopic  view  of  the  diak  delineated  by  Sir  Jphn 
Hexschel^  aa  it  appeared  in  the  20-feet  reflector  at  Slough  on  the 
23Td  of  September,  1 832.  The  other  vie^  were  made  by  M» 
Mkdler  ttcm  obaervationa  taken  in  1835  and  1836,  at  the  datea 
iildica(ted  on  the  plate. 

401.  O^aenrattona  and  oottoliiafoaa  of  M&dlor. — The  two 
black  apota  reporeaented  in^a.  2,  3,  and  4,  were  those  by  which 
^e  time  of  rotation  was  detennined  (391).  They  were  firs^ 
obeerved  by  Madler,  on  the  3rd  of  November,  1 834.  The  effect  of 
tiie  rotation  of  theae  spots  was  ao  apparent  that  their  change  <^ 
position  with  relation  to  the  centre  of  the  disk,  in  thQ  abort  interval 
of  five  minutea,  waa  quite  perceivable.  A  third  apot,  much  more 
Sunt  than  theae,  waa  visible  at  the  aame  time,  the  distances  sepa^ 
zatisg  the  apota  being  about  24^  of  the  planet's  surface^  It  wa^ 
estimated  that  the  diameter  of  each  of  the  two  apota  represented 
in  the  diagrama  waa  3680  miles,  and  the  distance  between  them 
jwas  aometimes  obaerved  to  increase  at  the  r^  of  half  a  degree,  or 
330  mllee,  in  a  month.  The  two  spots  continued  to  be  distinctly 
^visible  finnn  the -3rd  of  November,  1834,  "^hen  they  were  first  ol^ 
aerved,  until  the  i8th  of  April,  1835 ;  but  during  this  interval  thf^ 
streak  on  which  they  were  placed,  had  entirely  disappeared.  It 
^became  gradually  fidnter  in  January  (see  Jiff,  4),  and  entirely 
rvaniriied  in  February;  the  spots,  however,  retaining  all  their  dish 
•tiBctaess.  The  planet  after  April  paasing  towarda  conjunction, 
was  lost  in  the  lig^t  of  the  sun;  and  when  it  reappeared  vpL 
; August,  after  conjunction,  the  spots  had  altogether  vanished. 

Ilie  observationa  being  continued,  the  drawings,  Jiff$.  5,  and  6, 
wdre  made  from  obaervationa  on  the  1 6th  and  iTtli  of  January, 
1856,  when  the  entire  aspect  of  the  disk  waa  changed.  The  twp 
fignrea  $  and  6  represent  opposite  hemispherea  of  the  planet;. 
The  former  presents  a  striking  resemblance  to  the  principal  belts 
.  in  the  drawing  of  Sir  J.  Hersohel,^.^!  * 

It  was  remiuked  that  the  two  fpota>  when  carried  round  hy  the 
rotation,  became  invisible  at  55^  to  57°  from  the  centre  of  the 
;  diak.  This  is  an  efiect  which  would  be  produced  if  the  spots  were 
.  openings  in  the  maaa  of  clouds  floating  in  the  atmosphere  of  the 
planet,  and  would  be  explicable  in  the  same  manner  as  is  the  di%- 
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afypeannce  of  spots  on  the  son  in  approaching  the  edges  of  till 
diflk.  A  proper  motion  with  a  bIott  Yelodtj,  and  in  a  direction 
eontraiy  to  the  rotation  of  the  planet,  was  obseryed  to  affect  the 
spots,  and  this  motion  oontinued  with  greater  uniformity  in  Mardi 
and  April|  after  the  disappearanoe  of  ti^e  belt.   ' 

It  was  calculated  that  the  Telocity  of  their  proper  motion  orer 
the  sur&oe  of  th^  -pLaneitj  was  at  the  rate  of  from  three  to  lour 
miles  an  hour. 

-  Although  the  two  black  spots  were  not  bbserred  by  Madlsr 
imtil  the  first  days  of  November,  they  had  been  prerionsly  seen 
and  examined  by  Schwabe,  who  observed  tfaem  to  undeigo  sevend 
furious  changes,  in  one  pf  whidi  one  of  them  dissppeared  fot  a 
certain  interval,  its  place  being  occupied  by  a  mass  of  fine  do4a 
It  iooxkf  boweyer,  reappeared  as  before. 

From  all  these  dicumstsnces,  and  many  others  dereloped  in  tiie 
course  of  his  eztensiye  and  long-continued  obeerrations,  Madler 
considers  it  highly  probable,  if  not  absolutely  certain,  that  tbs 
atmosphere  of  Jupiter  is  continually  charged  with  vast  masses  d 
clouds  which  completely  conceal  his  suriSaoe;  that  these  douds 
have  a  permanence  of  form,  position,  and  anangement  to  which 
there  is  nothing  analogous  in  the  atmoephere  of  the  earth,  and 
that  such  permanence  may  in  some  degree  be  explained  by  tiie 
jgreat  length  and  very  small  rariation  of  the  seasons.  He  thiuki 
it  probable  that  the  inhabitants  of  places  in  latitudes  abore  40^ 
neyer  behold  the  firmament,  and  those  in  lower  latitudes  only  on 
'rare  occasions. 

To  these  inferences  it  may  be  added  that  the  probable  cause 
.'assigned  for  the  distribution  of  the  masses  of  clouds  in  streaks 
parallel  to  the  equator,  is  the  preralenoe  of  atmospheric  currenta 
analogous  to  thd  trades,  and  arising  firom  a  like  cause,  but  mariced 
-by  a  constancy,  intensity,  and  regularity  exceeding  those  which 
-prevail  on  the  earth,  inasmuch  as  the  diurnal  motion  of  Hie  sor* 
face  of  Jupiter  is  more  rapid  than  that  of  the  earth  in  tiie  com* 
bined  proportion  of  the  velocity  of  the  diurnal  rotation  and  the 
magnitude  of  the  circumference,  that  is,  as  27  to  i  nearly. 

It  is  also  probable  that  the  bright  yellowish  general  ground  of 
Jupiter's  disk  consists  of  clouds,  which  reflect  light  much  more 
-strongly  than  the  most  dense  masses  which  are  seen  illuminated 
by  the  sun  in  our  atmoephere ;  and  that  the  darker  streaks  and 
spots  observed  upon  the  ^isk  are  portions  of  the  atmoephere, 
either  f^  from  clouds  and  through  which  the  surface  of  the 
planet  is  visible  more  or  less  distinctly,  or  clouds  of  less  density 
ieoid  less  reflecting  power  than  those  which  float  over  the  general 
atmosphere  and  ^rm  the  ground  <m  which  the  belts  and  spots  aie 
seen.  - 
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Thftt  tlie  atmosphere  has  not  any  veiy  extraordinaiy  height 
abore  the  sarfBce  of  the  planet,  is  proved  by  the  sharply  defined 
edge  of  the  disk.  If  its  height  bore  any  considerable  proportion 
to  the  diameter  ci  the  planet,  the  light  towards  the  edges  of  the 
disk  would  become  gradually  lainter,  and  the  edges  would  be 
nebulous  and  iU-defined.    The  reyerse  is  the  case. 

402.  S^har^tdal  form  of- tli«  ylMMt. — The  disk  of  Jupiter, 
seen  with  magnifying  powers  as  low  a^  30,  is  evidently  oval,  the 
lesser  axis  of  the  ellipse  coinciding  with  the  axis  of  rotation,  and 
being  perpendicular  to  the  general  direction  of  the  belts.  This 
£Eu:t  suppUes  a  striking  confirtnation  of  the  results  attained  in  the 
measurement  of  the  curvature  of  the  earth ;  and,  as  in  the  case  of 
the  earth,  the  degree  of  oblateness  of  Jupiter  is  foimd  to  be  that 
which  would  be  produced  upon  a  globe  of  the  same  magnitude^ 
having  a  rotation  such  as  the  planet  is  observed  to  have. 
.  At  the  mean  distance  from  the  earth,  the  apparent  diameters  of 
the  disk  are  ascertained  by  exact  micrometric  measures  made  at  thd 
Boyal  Observatoiy,  between  the  years  1 840  and  1 85 1,  to  be  -^ 

Equatorial  dUBMtar         ••••••    17^91 

Polar  dlunacar 15  46 

•         •   1679 


The  polar  diameter  is  therefore  less  than  the  equatorial,  in  thei 
ratio  of  too  to  106*3. 

403.  Tnpltar**  satoUitea. — When  Gkdileo  directed  the  first 
telescope  to  the  examination  of  Jupiter,  he  observed  four  minute 
atarSy  which  appeared  in  the  line  of  the  equator  of  the  planet 
He  touk  these  at  first  to  be  fixed  stars,  but  was  soon  undeceived* 
He  saw  them  alternately  approach  to,  and  recede  horn  the  planet, 
observed  them  pass  behind  it  and  before  it;  and  oscillate,  as  it 
were,  to  the  right  and  the  left  of  it,  to  certain  limited  and  equal 
distances.  He  soon  arrived  at  the  obvious  conclusion  that  these 
objects  were  not  fixed  stars,  but  that  they  were  bodies  which 
revolved  round  Jupiter  in  orbits,  at  limited  distances,  and  that 
each  successive  body  included  the  orbit  of  the  others  within  it; 
in  short,  that  they  formed  a  miniature  of  the  solar  S3rstem,  in 
which,  however,  Jupiter  himself  played  the  part  of  the  sun.  As 
.the  telescope  improved,  it  became  apparent  that  these  bodies  were 
small  globes,  related  to  Jupiter  in  the  same  manner  exactly  as  the 
moon  IB  related  to  the  earth ;  that,  in  fact,  they  were  a  system  of 
four  moons,  accompanying  Jupiter  round  the  sun. 

404.  mapid  eiiiuige  and  rreatTarietrofplftaaaa. — But  con* 
tiected  with  these  appendages  there  is  perhaps  nothing  more  re« 
nuukable  than  the  period  of  their  revolutions.    That  moon  which 
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18  nearest  to  Jnpiter,  completes  its  revolution  in  forty-two  hcmn. 
In  ^at  brief  space  of  time  it  goes  througii  all  its  yarioos  pfaaaea  f 
it  is  a  thin  crescent,  halyed,  gibbous,  and  full.  It  must  be  remem- 
bered, however,  that  the  day  of  Jupiter,  instead  of  being  twentj* 
four  hours,  is  less  than  ten  hours.  This  moon,  theref^e,  has  a 
month  equal  to  a  little  more  than  four  Jovian  days.  In  each  day 
it  passes  through  one  complete  quarter;  thus^  on  the  first  day  of 
the  month  it  passes  from  the  thinnest  crescent  to  the  half  moon ; 
on  the  second,  from  the  half  moon  to  the  full  moon ;  on  the  thiid, 
from  the  full  moon  to  the  last  quarter ;  and  on  the  fourth  returns 
to  conjunction  with  the  sun.  So  rapid  are  these  changes  that  they 
must  be  actually  visible  as  they  proceed. 

The  apparent  motion  of  this  satellite  in  the  firmament  uf  Jupiter 
is  at  the  late  of  more  than  8^**  per  hour,  and  is  the  same  as  if  our 
moon  were  to  move  over  a  space  equal  to  her  own  apparent  dia- 
meter,  in  less  than  four  minutes.  Such  an  object  would  eerre 
the  purpose  of  the  hand  of  a  stupendous  celestial  dock. 

The  second  satellite  completes  its  revolution  in  about  eighty-five 
terrestrial  hours,  or  about  eight  and  a  half  Jovian  days.  It  passes, 
therefore,  frtun  quarter  *to  quarter  in  twent^i-one  .hours,  on  about 
two  Jovian  iajs^  its  apparexit  motion  ^i  the  firmament  being  at 
^e  rate  of  about  ^^'2^  per  hour,  which  is  as  if  our  moon  were  to 
move  over  a  space  eqiud  to  jdae  times  its  own  diameter  per  hour^^ 
or  over  its  own  diameter  in  less  than  seven  minutes. 

The  movements  and  changes  of  phase  of  the  other  two  moons 
are  not  so  rapid.  The  third  passes  through  its  phases  in  about  170 
hours,  or  seventeen  Jovian  cUys,  and  its  apparent  motion  is  at  the 
rate  of  about  2^  per  hour.  The  fourth  and  last  completes  its 
changes  in  400  hours^  or  forty  Jovian  days,  and  its  apparent 
motion  is  at  the  rate  of  little  less  than  i**  per  hour^  being  double 
the  apparent  motion  of  our  moon.  ' 

Thus  the  inhabitants  of  Jupiter  have  four  different  months  of 
four,  eighty  seventeen,  and  forty  Jovian  days,  respectively. 

405.  XlonrattoB  of  the  sateiutas. — The  appearance  which 
the  satellites  of  Jupiter  present  when  viewed  with  a  telescope  of 
moderate  power^  is  that  of  minute  stars  ranged  in  the  direction  of 
a  line  drawn  through  the  centre  of  the  planet's  disk  nearly  parallel 
to  the  direction  of  the  belts,  and  therefore  coinciding  with  that 
of  the  planet's  equator.  The  distances  to  which  they  depart  on  the 
one  side  or  the  other  of  the  planet  are  so  limited,  that  the  whole 
system  is  included  within  the  field  of  any  telescope  whose  magni- 
fying power  is  not  considerable;  and  their  elongations  from  thtf 
centre  of  the  planet  can  therefore  be  measured  wiUi  great  precisioi^ 
by  means  of  the  wire  micrometers. 
*  When  the  apparent  diameter  of  the  planet  in  opposition  is  45^'^* 
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^e  greateflt  elongations  of  the  satellites  from  the  onitre  of  the 
planef  8  disk  are  as  follow :  ^— 

II.    .         -         .         -         -    au 

III,  .....   jjft  1 

IV,  .       ...       .Ws 

It  follows,  therefbre,  that  the  entire  system  ie  comprised  within  a 
visual  area  of  about  1 200''  in  extent,  being  two-thurds  of  the  ap«) 
parent  diameter  of  the  moon.  If,  therefore,  we  conceiye  the  moon's 
disk  to  be  centncaQysuperposed  on  that  of  Jupiter,  not  only  would 
all  the  aatellites  be  covered  by  it,  but  that  which  elongates  itself^ 
most  from  the  planet  would  not  approach  nearer  to  the  moon's  edge 
tlum  one-sixth  of  its  apparent  diameter. 

If  all  the  satellites  were  at  the  same  time  at  their  greatest  elon*: 
gations^  they  would,  relatively  to  the  apparent  diameter  of  the 
]^auety  present  the  appearance  represented  in^.  68. 


Flt.«. 

406.  IMstMiosa  from  Jnpiter. — The  actual  distances  of  the 
satellites  from  the  centre  of  the  planet  may  be  immediately  inferred^ 
from  a  comparison  of  their  greatest  elongations  with  the  appai'ent 
eemi-diameter  of  the  planet.  Since,  in  the  case  above  supposed,: 
tbff  apparent  semi-diameter  of,  the  planet  is  2  2''*  5,  the  distances' 
will  be  found  expressed  with  reference  to  the  semi-diameter  as  tlie 
lunt,  by  dividing  the  greatest  elongations  expressed  in  seconds  by 
12*5.    This  g^ves  for  the  distances :  — 

1.     .       .       .Ut«.6ro 

IL       .*         .  •  HL«9^ 

III     ..         .  .  ?^-ir4 

IV.       •         *         .&«a6\> 

Relatively  to  the  magnitude  of  the  planet,  therefore,  the  satellitea 
revohre  nradi  closer  to  it  than  the  moon  does  to  the  earth,  llie 
distance  of  the  moon  is  nearly  60  semi-diameters  of  the  earth, 
while  the  distance  of  the  most  remote  of  Jupiter's  moons  is  not, 
more  than  26  semi-diameters^  and  that  of  the  nearest  only  mXf 
haoL  his  oentare.  ;  .     . 

Owingi  however,  to  the  greater  dimensions  of  Jupiter,  thi^ 
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actva}  distanoet  of  ike  satellitefl,  expressed  in  miles,  axe  (except 
that  of  the  first)  considerably  greater  tlian  the  distance  of  the  mooa 
£rom  the  earth. 

407.  Orbits  of  MKMmtMi — The  orbits  of  the  satellitee  ars 
eUipses  of  veiy  small  ellipticity,  inclined  to  the  plane  of  Japit^s 
orbit  at  very  small  angles,  as  is  made  apparent  by  their  motaons 
being  always  Very  nearly  coincident  with  ^e  plane  of  the  planet^s 
equator,  which  is  inclined  to  that  of  its  orbit  at  the  small  angle  of 
3«  5'  3&\ 

408.  AppAMBt  maa  resl  magMtadM. — The  satellites,  al- 
though reduced  by  distance  to  merelucid  points  in  ordinaiy  tele* 
scopes,  not  only  exhibit  perceptible  di^  when  obeerred  by 
instruments  of  sufficient  power,  but  admit  of  pretty  accurate 
measurement  At  opposition,  when  the  apparent  diameter  of  the 
planet  is  45^^  all  the  satellites  subtend  an^es  exceeding  i",  and 
the  third  and  fourth  appear  under  angles  of  ij^'and  i^'^  By 
observing  these  apparent  diameters  with  all  practicable  prednop, 
their  real  diameters  hare  been  ascertained  as  follows : — 

mllMi 

,V    •       •       •       • "  *i$9- 

1I«  •  •  •  •    SB  21069. 

IV:  :    :    :     izW. 

It  appears,  therefore,  that  with'  the  exception  of  the  second,  which 

is  exacUy  equal  in.  magnitude  to  the  earth's  moon^  all  the  others 

are  on  a  much  larger  scale ;  and  one  of  them,  the  third,  is  greater 

.  than  the  planet  Mercury,  while  the  fourth  is  very  nearly  equfld  to  il 

8ome  observers  moke  the  diameters  slightly  different  fiom  those 
inserted  above. 

%409.  Apparent  maffnltadea  as  aeen  from  Tapltor.*— By 
comparing  their  real  diameters  with  their  distances,  the  apparent 
diameters  of  the  several  satellites,  as  seen  from  Jupiter,  may  be 
easily  ascertained.  By  dividing  the  actual  distances  of  the  satellites 
from  Jupiter  by  206,265,  we  obtain  the  linear  value  of  i''  at  such 
distance ;  and  by  dividhig  the  actual  diameters  of  the  satellites 
respectively  by  this  value^'wd  obtain^  in  seconds,  their  apparent 
diameters  as  seen  from  Jupiter.       ^  , 

In  making  this  calculation,  however,  it  is  necessary  to  take  into 
account  the  magnitude  of  the  semi-diameter  of  the  planet^  which  is 
assumed  to  be  42,423  miles ;  since  it  is  from  the  surface^  and  not 
from  the  centre,  that  the  satellite  is  viewed. 

It  follows,  from  a  calculation  made  on  these  principles,  using  the 
Talues  inserted  in  (406)  and  (408),  that  the  apparent  magnitudes 
of  the  four  satellites,  seen  from  any  part  of  the  surfiice  not  fu 
removed  from  the  equator  of  the  planet,  are,  for  the  first  35'  ^k/', 
for  the  second  I  $'40'';,  for  the  third  1 8' 1 2'',  and  for  the  fourth 
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'  ^e  first  satellite,  theiefore,  has  an  apparent  diaineter  equal  to 
tliat  of  the  moon ;  the  second  and  third  are  nearly  eqnal,  and  about  ^ 
ludf  that  diameter ;  and  the  apparent  diameter  of  tiie  other  aatel* 
lite  is  about  the  fourth  part  of  that  of  the  moon* 

*  It  maj  be  easily  imagined  what  Tsrious  and  interesting  nocture 
nal  phenomena  are  witnessed  by  the  inhabitants  of  Jupiter,  when 
the  Tarious  magnitudes  of  these  four  moons  are  combined  with  the 
quick  succession  <^  their  phases,  and  the  rapid  apparent  motions  of 
tfie  first  and  second. 

By  the  relation  between  the  mean  motions  of  the  first  three, 
Satellites,  they  never  can  be  at  the  same  time  on  the  same  side 
of  Jupiter;  so  that  wheneyer  any  one  of  them  is  absent  from  the< 
firmament  of  the  planet  at  night,  one  at  least  of  the  others  must  be. 
present  The  Joyian  nights  are,  therefore,  always  mocmlit,  except 
during  eclipses  (which  take  place  at  ereiy  reyolution),  and  often 
ekilightened  at  once  by  three  moons  of  different  apparent  nu^gnitudesy 
and  seen  under  difierent  phases. 

410.  Jkppmrtmt  maffaltaaea  of  Vapttor  as  aeea  fkrom  tkm 
asitantt— . — Since  the  apparent  diameter  of  the  planet  seen  from 
a  satellite  is  twice  its^horisontal  parallax,  that  of  each  satellite  as 
tiewed  from  the  snrfSu»  of  Jupiter,  being  respectively  about 
$®*5,  6^,  3^-6,  and  2^*1,  it  follows  that  the  apparent  diameter  of 
Jupiter  seen  from  the  first  satellite  is  about  19%  from  the  second 
12^,  from  the  third  7^*2,  and  from  the  fourth  j^^'Z.  The  disk  of 
Jupiter,  therefore,  appears  to  the  first  with  a  diameter  eighteen 
times  greater,  and  a  suxfiice  320  times  greater  than  that  of  ti^e  fiill, 
moon. 

41 1 .  XaMi  af  Japlter* — ^The  following  are  the  estimates  of  the 
mass  of  the  planet  obtained  by  processes  susceptible  of  great 
fRredsion,  that  of  the  sun  being  unily : 


f 
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*^   •  1044 


Saotini  •  •         •   -— - 

1050 


Krager-         •  ' 
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The  computations  by  MM.  Airy,  Santini,  and  Bessel  were  con- 
ducted on  principles  such  as  to  secure  the  greatest  attainable 
-precLnon,  and  their  results  have  been  confirmed  by  M.  Kriigef 
from  the  perturbations  produced  by  Jupiter  on  Themis.  j 

Since  the  mass  of  the  sun  is  about  3  i  5,000  times  that  of  the 
tsarth,  while  it  is  only  1050  times  that  of  Jupiter,  it  follows  that 
the  mass  of  Jupiter  exceeds  that  of  the  earth  in  the  ratio  of  3 1 50 
to  10-50,  or  300  to  I. 

The  comparatively  great  mass  of  Jupiter  explains  the  very  shott 
periods  of  his  satellites  compared  with  that  of  the  moon. 
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At  greator  diitaiicet  from  Jw^iet  than  that  of  tiie  mooa  h6m, 
the  earthy  they  neyertheleee  leyohre  in  periods  much  ahorter  tlian- 
that  of  the  moon^  and  are  afieeted  bj  centrifugal  forces,  whkk 
exceed  that  <^  the  moon  in  a  ratio  which  maj  be  determined  by; 
the  periods  and  distanees,  and  which  must  be  resitted  by  the  at- 
traction of  a  oentral  mass  proportionallj  greater  than  that  of  the 
earth.  It  would  be  eas j  to  show  that,  if  the  earth  were  attended, 
l^  a  similar  system  of  moons,  at  like  distances  from  its  oentre, 
their  periods  would  be  about  eighteen  times  greater  than  those  of; 
Jupiter's  satellites. 

412.  Tlilr  MMtt— 1  p*rfrbati—sr—  The  mutual  attractiooa 
of  the  masses  of  the  satellites,  and  the  inequality  of  the  attraction 
of  the  sun  upon  them,  produce  an  extremely  complicated  system 
of  disturbing  actions  on  their  motions,  which  has  neverthelees  been 
brought  witii  great  success  under  tiie  dominion  of  analjrsis  by. 
Laplace  and  Lagrange.  This  is  espedaUy  the  case  with  the  three, 
inner  satellites,  whose  motions,  but  for  this  cause,  would  \», 
aensiblyuniform.  The  effect  of  these  disturbing  foices  is  never- 
theless mitigated  and  limited  by  the  yery  small  excentricities  an4 
inclinations  of  the  ori>its  of  the  satellites. 

415.  Hansltj  of  Taylter. —  The  •  Tdume  of  Jupiter  being 
greater  than  that  of  thtf  earth  in  the  ratio  of  1 233  to  i^  while  it% 
mass  is  greater  in  the  inferior  ratio  of  300  to  I  nearly,  it  follows^ 
that  the  density  of  the  matter  composing  the  planet,  is  less  than 
the  mean  density  of  the  earth  in  the  ratio  of  the  fJmye  number^  or. 
0*27494.  Its  mean  density  is,  therefore,  about  pne^fourth  of  that 
of  Uie  earth. 

414.  ag— seamnddenameaoftmaantentt— ■■  Themasaesof 
the  satellites  are  determined  by  their  mutual  disturbances,  and 
the  densities  are  deduced  as  usual  from  a  comparison  of  these 
massed  wi|h  their  volumes.  In  the  following  table  are  given  the 
masses  as  compared  with  the  primary  and  witii  the  esjth,  and  th^ 
densities  as  compared  with  the  earth  axMl  with  water.  ^ 
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Thus  it  appears  that  the  density  of  the  matter  composing  tfaesi 
satellites  is  much  smaller  than  those  of  any  other  bodies  of  ih 
system  whose  densities  are  known. 

It  follows,  therefore,  that  the  first  satellite  must  be  composed  of 
matter  wMdi  is  twice  as  light  ifts- cork,  tha  density,  of  which  ip 
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0*240 ;  and  ihit  of  Ae  ihilrd,  wHich  ooiuiflts  df  the  heayiest  itiatter^ 
is  not  more  dJBDse  than  the  lightest  sort  of  wood^  such,  for  ex- 
lunple,  M  the  common  poplar,  whoee  denfflty  is  0*383  (H.  91.) 
'  It  is  remarkable  that  this  extremely  small  degree  of  density 
is  not  found  in  the  earth's  sateUtte,  the  density  of  which,  though. 
lees  than  that  of  the  earthy  is  still  more  than  twice  the  density  of 
waier.  . .    , 

The  relation  of  the  density  of  the  earth  to  that  of  water  in  the 
pfreoeding  taUe,  is  inferred  from  the  determination;  by  Mr.  Baily, 
of  the  mean  density  of  the  earth  by  the  method  known  as  the 
CaTendish  experiment  (8o).  The  Tslues  in  the  last  column  giving 
the  density  of  the  satellites  would  be  increased  if  the  result  obtained 
from  the  Harton  pendulum  experiments  had  been  used  (81). 

The  planets  Mercury  and  Mars,  which  are  so  nearly  of  the  same 
magnitudes  as  the  third  and  fourth  satellites,  show  in  a  striking 
manner,  the  difierence  of  the  matter  composing  them,  by  the  great 
difierenoe  of  their  densities.  The  mean  specific  weight  of  the 
materials  composing  these  planets  is  nearly  the  same  as  that  of 
those  which  compose  the  earth,  while  the  materials  of  the  third 
satellite  are  thirteen  times,  and  that  of  tiie  fourth  twenty-five 
ttmee  lighten 


n.  Satttbit. 

41  J.  Satnmlaa  Bjstsm« — Beyond  the  orbit  of  Jupiter  a  space 
tiut  little  less  in  width  than  that  which  separates  that  planet  from 
the  sun  vi  unoccupied.  At  its  limit  we  encoimter  the  most  ex- 
traordinary object  in  the  system, — a  stupendous  globe,  nearly  nine 
Hundred  times  greater  in  volume  than  the  earth,  surrounded  by 
two,  at  least,  and  probably  by  several  thin  flat  rings  of  solid 
matter,  outside  which  revolve  a  group  of  eight  moons  j  this  entire 
sjrstem  moving  with  a  common  motion  so  exactly  maintained,  that 
no  one  part  falls  upon,  overtakes,  or  is  overtaken  by  another,  in 
their  course  around  the  sun. 

Such  is  the  Satvbniait  srsTEtf,  the  central  body  of  which  was 
known  as  a  planet  to  the  ancients,  the  annular  appendages  and 
satellites  being  the  discovery  of  modem  times. 

416.  yerlod. —  By  the  usual  methods  the  sidereal  period  of 
Batum  has  been  ascertained  to  be  10759*22  days,  or  29*457  years, 
^e  83modio  period  is  about  378  days. 

417.  Msaa  and  eztremo  dlafaaoss  fkrom  the  sim.— The 
mean  distance  from  the  sun  is  9*54;  or  more  exactly  9*5388521 
that  of  the  earth  being  =3  I. 

'    Taking  the  earth's  mean  distance  as  91^  millions  of  miles^  that 


M 
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pf  Sfttnm  will  then  be  872  millioDB  of  milet.  The  exoentricifj 
of  Saturn's  orbit  being  0056,  this  distuiee  is  liable  to  TmriatioBi 
being  augmented  in  aphelion,  and  diminished  in  perihelioa  by  the 
eighteenth  part  of  its  whole  amount  The  greatest  distance  of  the 
planet  from  the  sun  is  therefore  about  92 1,  and  the  least  ia  about 
823,  millions  of  miles. 

418. 

and 

— The  relative  proportion  of  the 
orbits  of  Saturn  and  the  earth  are 
represented  in^E^.  69,  where  s  x'x^ 
is  the  earth's  orbit,  and  8  a'  Saturn'e 
distance  from  the  sun.  The  four 
positions  of  the  earth  indicated 
are, 

s    when  the  planet  is  in  oppo* 

sition. 
B'^'when  the  planet  is  in  oonjuDo- 

tion. 
a^  in  quadrature  west  of  the  sun. 
B''  in  quadrature  east  of  the  ami* 


Fl»6^ 


4l9.;ctareat  aeale  of  the 
tal  motioB.  —  The  distance  of 
Saturn  from  the  sun  is  therefore 
so  enormous,  that  if  the  ^rhole 
earth's  orbit,  measuring  nearly  2cx> 
millions  of  miles  in  diameter  -were 
filled  with  a  sim,  that  sun  seen 
from  Saturn  would  be  only  about 
twenty-four  times  greater  in  its  ap- 
parent diameter  than  is  the  actual 
sun  seen  from  the  earth.  A  canTiog 
ball,  moving  at  500  miles  an  hou^ 
would  take  about  200  years,  and  a 
railway  train,  moving  50  miles  aa 
hour,  would  take  about  2000  years 
to  move  from  Saturn  to  the  sun. 
Light,  which  moves  at  the  rate  of 
nearly  200,000  miles  per  second^ 
takes  I  hour  15  minutes  to  move 
over  the  same  distance.  Yet  to 
this  distance  solar  gravitation  transmits  its  mandates,  and  is 
obeyed  with  the  utmost  j^romptitude  and  the  most  unerring  pre- 
cision* 
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Taking  ^  diameter  of  Satnm's  orbit  at  1744  millidns  of  mileB^ 
Hs  circumference  is  5479  millicmfl  of  miles^  over  wkich  it  moyea 
in  10,759  ^7^  ^^  ^^y  motion  is  therefore  509,2:80  miles,  and 
its  hourlj  21/220  miles. 

420.  Vo  pliAa«a. — It  is  evident  fix>m  ^hat  hm  been  explained 
in  relation  to  Jupiter  (384),  that  .neither  Saturn  nor  any  more 
distant  planet  can  hare  sensible  phases. 

42 1 .  Stattena  and  ytroyreaatoiu — From  a  comparison  of  the 
orbital  motion  and  Tarying  distance  between  the  earth  and  Satum| 
it  appears  that  the  stations  of  the  planet  take  place  at  about  65 
days  before  and  after  opposition.  Since  tiie  earth  gains  upon  the 
planet  at  the  mean  rate  of  0^*9526  per  day,  the  angle  at  the  sun 
corresponding  to  65  days  will  be  61^*92,  which  corresponds  to  an 
dongation  of  1 1 3^  The  planet  is  therefore  stationaiy  at  elonga- 
tion 67^  east  and  west  of  opposition. 

Its  arc  of  letrogreesion  varies  firom  6^*41'  to  6*  5  5'. 

422.  Apparent  and  real  diameter. — This  planet  appears  as 
a  star  of  the  first  magnitude,  with  a  fsdnt  reddish  light.  Its  appa- 
rent brightness,  compared  with  that  of  Mars,  is  greater  than  that 
which  is  due  to  their  apparent  magnitudes  and  distances,  a  circum- 
stance which  is  explained,  as  in  the  case  of  Jupiter,  by  the  more 
feebly  reflective  power  of  the  surface  of  Mars. 

The  disk  is  visibly  oval,  and  traversed,  like  that  of  Jupiter,  by 
streaks  of  light  and  shade  parallel  to  its  greater  axis ;  but  these 
belts  are  mudi  more  faint  and  less  pronounced  than  those  of  Jupi- 
ter. -  One^principal  grey  belt,  which  lies  along  the  greater  axis  of 
the  disk,  is  almost  unchangeable. 

Sir  William  Herschel  imagined  that  the  disk  had  the  form  of  an 
oblong  rectangle,  rounded  at  the  comers,  the  length  being  in  the 
direction  of  the  belts.  More  recent  observations  and  mici'ometrical 
measurements  made  at  Konigsberg,  by  Professor  Bessel,  and  at 
Ghreenwich  by  Mr.  Main,  have  shown,  however,  the  true  form  to  be 
an  ellipse.  According  to  the  measures  of  M.  Bessel,  the  apparent 
magnitude  of  the  greater  axis  of  the  disk  is  I7'''053,  and  that  of 
the  lesser  axis  I5''*394.  The  observations  of  Professor  Struve, 
made  with  the  Dorpat  instruments,  give  I7'''99i  for  the  greater 
axis ;  the  difierence  of  the  two  estimates,  o'^'938,  being  less  than  a 
8(9cond.  The  measures  by  Mr.  Jdam,  in  1 848  and  1 849,  were  made 
When  the  ring  was  invisible,  by  the  double  image  micrometer  (20)^ 
mounted  on  one  of  the  principal  equatorials  at  the  Royal  Obser- 
tatoiy.  The  apparent  angular  magnitude  at  the  planet's  mean 
dirtanoe,  resulting  from  these  observations,  is  for  the  equatorial  axis^ 
1  /''501 ,  and  for  the  polar  axis,  1 5'''6o4,  giving  for  the  value  of  th^ 

At  the  m^an  distazioo  of  Saturn^  the  linear  value  of  c^e  iecond 
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pf  spMSB  is  4228*2,  the  actual  magnitudeB,  thmfofre,  of  the  equa- 
torial and  polar  diameten  detennined  by  the  different  observeit 
are  as  follow : — 

BqoatorUI  Diameter.  Polar  pfamatar.  Mran  Di«BMtar«. ' 

B«M«I      •       .       -      .   7X,ioi                   isxda  6B,596mllc« 

Struva     •       •       •       •    76,070                   M436  7&.14S      « 

Mala        ^      .       .       -   7),99S                   65.577  «W"»      » 

The  differences  in  the  above  results  are  no  greater  than  might 
have  been  expected,  considering  the  difficulty  attending  this  clasa 
of  astronomical  observation ;  we  may,  therefore,  definitely  assume 
the  actual  diameter  of  the  planet  to  be  about  the  mean  of  the  three 
determinations,  or  for  the  equatorial  diameter,  74,057  miles,  for 
the  polar  diameter,  66,215  miles,  and  for  the  mean  diameter  of 
the  planet  70, 1 36  miles. 

The  oblateness  or  ellipticity  of  Saturn  may  be  expressed  approxi- 
mately as  equal  to  one-tenth  Of  the  greater  axis  of  the  planet. 

423.  melatlTe  magmituaea  of  BatnrB  ana  tlie  eartli. — ^The 
relative  magnitudes  of  Saturn  and  the  earth  are  represented  in,^. 
70,  the  volume  of  Saturn  being  696  times  greater  than  that  of  the 
earth. 


*  ig.  70. 

424.  Binmal  rotation.^ From  observations  on  the  apparent 
motion  of  spots  on  the  disk  of  the  planet,  it  has  been  ascertained  to 
have  a  motion  of  rotation  upon  the  shoiler  axis  of  tbe  ellipse 
formed  by  its  disk,  in  I  o**  29"  17'.  A  terrestrial  day  is  therefore 
equal  to  2-2883  Satumian  days. 

425.  XBoUaatioB  of  tbo  axis  to  the  orbit. — The  genend 
direction  of  the  motion  of  rotation  has  been  ascertained  to  be  sucfa 
'that  the  inclination  of  the  equator  of  the  planet  to  the  plane  of  the 
orbit  is  26^  48^  40^^,  and  its  inclination  to  the  plane  of  the  ecliptio 
is28°  lo'44"7.  > 

{    The  axis,  like  that  of  the  earth,  and  those  of  the  other  planets^ 
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wlfeoae  xotation  hfts  been  ascertained^  ia  carried  parallel  to  itself  in 
the  orbital  motion  of  tbe  planet 

The  consequence  of  this  arrangement  is,  that  the  year  of  Saturn 
18  Taned  by  the  same  succession  of  seasons,  subject  to  the  same 
range  of  temperature  as  those  which  prevail  on  our  globe. 

426.  — mrwlan  dajrs  mad  Biglits,  Tmw.  —  The  alternation 
of  light  and  darkness  is  therefore  nearly  the  same  as  upon  Jupiter. 
This  rapid  retum  <^  day,  after  an  interval  of  five  hours  night,  seems 
to  fltesome  the  character  of  a  law  among  the  major  planets,  as  the 
interral  of  twelve  hours  certainly  does  among  the  minor  planets. 

The  year  of  Saturn  is  equal  in  duration  to  1 0,759  terrestrial  days. 
But  since  a  teirestrial  day  is  equal  to  2*2883  Satumian  days,  tiie 
number  of  Satumian  days  inthe  Satumian  year  must  be  about  24,62a 

427.  Belts  end  atmoapbere.  —  Streaks  of  light  and  shade 
parallel  in  their  general  direction  to  the  planet's  equator  have  been 
obeerved  on  Saturn,  similar,  in  all  respects,  to  the  belts  of  Jupiter, 
and  afibrding  like  evidence  of  an  atmosphere  surrounding  the  planet 
attended  witii  the  like  system  of  currents  analogous  to  the  trades. 
Such  an  inference  involves,  as  in  the  former  case,  the  admission  of 
liquid  producing  vapour  to  form  clouds  and  other  meteorological 
phenofmena. 

428.  Solar  Uflit  and  beat.  —  The  apparent  diameter  of  the 
son  as  seen  from  Saturn  is  9*539  times  less  than  as  seen  from  the 


Fif.71. 

earth ;  and  since  its  mean  apparent  diameter,  as  seen  from  the  earth, 
is  1924'',  its  apparent  diameter^  as  seen  ftom  Saturn,  must  be 
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The  oompaiatlye  apparent  magnitudee  are  represented  in.^.  71, 
where  B  represents  the  disk  of  the  sun  as  seen  from  the  earthy  and 
s  as  seen  £ei>m  Saturn. 

The  intensity  of  sohu-  light  is  less  in  the  ratio  of  i  to  9*539*  » 
91 ;  and  its  optical  and  calorific  influences  with  this  reduced 
intensity  are  subject  to  the  observations  already  made  in  the  case 
of  Jupiter  (390). 

429.  minffs. — The  invention  of  the  telescope  having  inTeeted 
astronomers  with  the  power  of  approaching,  for  optical  puzpoaesy 
hundreds  of  times  closer  to  the  objects  of  their  observation,  one  of 
the  earliest  results  of  the  exercise  of  this  improved  sense  wma  tite 
diBCoveiy,  that  the  ihk  of  Saturn  differed  in  a  remarkable  msomer 
from  those  of  the  other  planets  in  not  being  circular.    It  seemed 
at  first  to  be  a  flattened  oblong  oval,  i^proaching  to  the  form  <d  an 
elongated  rectan^^e,  rounded  off  at  the  comers.    As  the  optical 
poWers  of  the  telescope  were  improved,  it  assimied  the  appeaxanee 
of  ^  great  central  disk,  with  two  smaller  disks,  one  at  eadi  side  of 
it    These  lateral  disks  took  the  appearance  of  handles  or  eara, 
like  the  handles  of  a  vase  or  jar,  and  they  vrere  accordingly  caUed 
the  ansffi  of  the  disk,  a  name  which  they  still  retain.    At  length, 
in  1659,  Huygens  explained  the  true  cause  of  this  phenomenon,  and 
showed  that  the  planet  is  surrounded  by  a  ring  of  opaque  solid 
matter,  in  the  centre  of  which  it  is  suspended,  and  that  what 
appear  as  ans»  are  those  parts  of  the  ring  which  lie  beyond  ^e 
dl^  of  the  planet  at  either  side,  which  by  projection  are  reduced 
to  the  form  of  the  parts  of  an  ellipse  near  the  extromities  of  its 
greater  axis,  and  that  the  open  parts  of  the  ans»  are  produced  by 
the  dark  sky  visible  through  the  space  between  the  ring  and  the 
planet. 

The  improved  telescopes  and  greatly  multiplied  number,  and 
increased  zeal  and  activity  of  observers,  have  supplied  much  mora 
definite  information  as  to  the  form,  dimensions,  structure,  and 
position  of  this  most  extraordinary  and  unexampled  appendage. 

It  has  been  ascertidned,  that  it  consists  of  an  annular  plate  of 
matter,  the  thickness  of  which  is  very  inconsiderable  compared 
with  the  superficies.  It  is  nearly,  but  not  precisely  concentric 
with  the  planet,  and  in  the  plane  of  its  equator.  Tlds  is  proved 
by  the  coincidence  of  the  plane  of  the  ring  with  the  genial  di- 
rection of  the  belts,  and  with  that  of  the  apparent  motion  of  the 
spots  by  which  the  diurnal  rotation  of  the  planet  has  been  as- 
certidned. 

When  telescopes  of  adequate  power  are  directed  to  the  ring 
presented  imder  a  favourable  a^ct,  dark  streaks  are  seen  upon 
its  surface  similar  to  the  belts  of  the  planet  One  of  these  having 
been  observed  to  have  a  permanence  which  seemed  incompatible 
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witli  the  admiBsion  of  the  same  atmospheric  cauae  as  that  which 
has  been  aasigned  to  the  belts^  it  was  conjectured  that  it  aroee 
fnsm  a  real  separation  or  diviBion  of  the  ring  into  two  concentric 
rings  placed  one  within  the  other.  This  conjectore  was  converted 
into  certainty  by  the  discovery,  that  the  same  dark  streak  is  seen 
in  the  same  position  on  both  sides  of  the  ring.  It  has  even  been 
affirmed  by  some  observers  that  stars  have  been  seen  in  the  space 
between  the  rings ;  but  this  requires  confirmation.  It  is,  however, 
eoosidered  as  proved,  that  the  system  consists  of  two  concentric 
zings  of  unequal  breadth,  one  ^Uced.  outside  the  other  without  any 
mutual  contact 

The  plane  of  the  rings,  being  always  at  right  angles  to  the  axis 
of  the  planet,  is,  like  the  axis,  carried  by  the  orbital  motion  of  the 
planet  parallel  to  itself,  so  that  during  the  year  of  Saturn,  it  under- 
goes changes  of  position  in  relation  to  the  radius  vector  of  the 
planet,  or  to  a  line  drawn  from  the  sun  analogous  to  those  which 
the  earth's  equator  undergoes.  Since  the  plane  of  the  rings  coin- 
eidee  with  that  of  the  Satumian  equator,  therefore,  it  will  be 
directed  to  the  sun  at  the  epochs  c^  the  Satumian  equinoxes ; 
and,  in  general,  the  an^e  which  the  radius  vector  ftom  ike 
mm  makes  with  the  plane  of  the  ring,  will  be  the  sun*s  decli- 
nation as  seen  from  Saturn.  This  angle,  therefore,  at  the  Satumian 
solstices  will  be  equal  to  the  obliquity  of  Satum's  equator  to  his 
orbit,  that  is,  to  26^  48'  ^&',  and  at  ike  Satumian  equinoxes  will 
l»eo«(425). 

430.  VositleB  of  ao4ea  of  liair  and  laoUaatloB  to  eollptle* 
— ^e  investigation  of  the  position  of  the  plane  of  the  ring  in 
apace  was  undertaken  and  conducted  with  great  ability  and  success 
hy  Trot  Bessel,  by  means  of  an  elaborate  comparison  of  all  the 
recorded  observations  on  the  phases  of  the  ring  from  1701  to 
1832.  The  result  proved  that  the  line  of  intersection  of  the  plane 
of  the  ring,  and,  therefore,  that  of  the  equator  of  the  planet  with 
the  plane  of  the  ecliptic,  is  parallel  to  that  diameter  of  tiie  celestial 
sphere  which  connects  the  two  opposite  points  whose  longitudes 
are  166**  53'  8"-9  and  346**  53'  S^-g,  the  former  being  the  longi- 
tude of  the  point  at  which  the  rings  pass  from  the  south  to  tiie 
north  of  the  ecliptic,  and  which  is,  therefore,  the  ascending  node 
of  the  rings.  It  also  resulted  from  this  investigation  that  the 
angle  formed  by  the  plane  of  the  rings,  and,  therefore,  of  the 
Satumian  equator  with  the  plane  of  the  ecliptic,  is  28^  lo'  44''7* 

These  longitudes  and  obliquity  were  those  which  corresponded 
to  the  1st  of  January,  1 800.  It  was  shown  that  the  nodes  of  the 
ring  have  a  direct  motion  in  longitude  of  46"*462  per  annum, 
their  retrograde  motion  on  the  ecliptic  being  about  4'^ 

It  resulted  from  the  observations  of  Professor  StruvS;  made  with 
s  2 
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the  gnat  Borptt  nhttof,  Uiat  t^  obliqniiy  of  the  plme  of  Hit 
ring  to  thatof  tiie  ediptic  is  28*"  5'  s^'^subject  to  a  possible  emr 
of  6'  24". 

The  obseiTstioiis  and  measurements  of  these  two  eminent  aabt^ 
nomers  are,  therefore^  in  as  perfect  accordance  as  the  degne  of 
perfection  to  which  the  ins^raments  of  obsenratioii  Ktrt  tan 
brought  admits. 

431.  AppwMrt  Mid  rettl  tflmMMtoBs  of  the  rlBcs.«-4is 
breadth  of  the  rings  as  well  as  of  the  int^rab  which  septfitB 
them  from  each  other  and  from  the  planet,  haye  been  salmiitMA  to 
very  precise  micrometric  ubseirations ;  and  the  results  dM|K^ 
hj  difierent  observers  do  not  difler  frt>m  each  other  bj  a  tettstt 
part  of  the  whole  quantity  measured.  In  the  following  table  Me 
given  the  results  of  tiie  micrometric  observations  of  "^  ^  " 
Struve^  reduced  to  the  mean  distance. 


flemMianMter  of  the  planet 
Bxt#rtor  Mmi^taoMtcr  of  •xtrrlor>rfa»c 
Interior         d«>.  do. 

Brendth  ofncterfor  ring* 
Exterior  fai-riJinmar  of  tntftor  rilif 
Interfor        do.  do.  •  . 

BrMidtb  of  Int^or  ring  ... 
Width  of  Interral  between  the  rings  • 
Width  of  Intenral  between  planet  and 

Interior  ring     .... 
Breadth  of  tba  doubla  ring.  Including 

Interral*  .... 


AnMNm 

Inflow 

mttmmn 

Ifacidmdt 

ayiiii 

Ww» 

Lmm. 

r 

•""99J 

I -000 

|tjfy 

m 

«o-Q*7 

A-U9 

■4.^01 

«* 

17^ 

1-961 

^i^^oft 

•-a* 

.   »*40| 

os68 

MXiSo 

k 

»7»I7 

1*016 

2* 

¥ 

>3m 

i-4«a 

!^ 

h-^ 

J*90J 

04)4 

i6.|e| 

«'— * 

0407 

otH5 

•^ 

*'-r 

4119 

o-#a 

it^Mft 

•-^ 

6711 

07*7 

«MI4 

The  relative  dimensions  of  the  two  rings,  and  of  the  planet 
within  them,  are  represented  in^.  jZy  projected  upon  the  oommoQ 
plane  of  the  rings  and  the  planet's  equator.  Each  division  of  the 
subjoined  scale  represents  5,000  miles. 

The  visual  angle  subtended  at  the  earth  by  tiie  extreme  diameter 
of  the  external  ring,  when  the  planet  is  in  opposition,  is  48'% 
which  is  about  one  thirty-seventh  part  of  the  moon's  apparent 
diameter. 

432.  Tbtekaeea  of  the  rliiffa. —  The  thickness  of  the  rings  ia 
so  extremely  minute,  that  the  nicest  micrometric  observations 
haye  hitherto  fuled  to  supply  the  data  necessary  to  determine  it 
with  any  degree  of  precision  or  certainty.  It  is  so  inconsiderable^ 
that  when  the  plane  of  the  ring  is  directed  to  the  earth,  and,  con- 
sequently, the  edge  alone  is  presented  to  the  eye,  it  is  invisible 
even  witii  telescopes  of  great  power,  or,  if  seoi,  it  is  so  impeifecdy 
defined  as  to  elude  all  micrometric  observation.  When  it  was  in 
tiiis  position  in  1 833,  Sir  J.  Herschel  observed  it  with  a  tekeoope^ 
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wbicli  would  certiunlj  haye  rendered  distmctlv  visible  a  line  of 
light  one  twentietli  of  a  aecond  in  breadth.  Since  the  linear  value 
of  V-  at  Saturn's  mean  distance  is  about  4228  miles,  it  would 


Fig.  1%. 


30 


as 


follow  that  the  thickness  is  less  than  2 1  o.  Sir  J.  Herschel  admits, 
LoweVer,  that  it  may  possibly  be  so  great  as  250  miles. 

The  thickness,  is,  therefore,  certainly  less  than  the  looth  part 
of  the  extreme  breadth  of  the  two  rings,  and  according  to  the  scale 
on  which  the  Jig,  72  is  drawn,  it  would  be  represented  by  the 
thickness  of  a  leaf  of  the  volume  now  before  the  reader. 

433.  OoBditioiis  ttiidmr  wlileli  the  rinr  baoomea  UiTiatble 
ftvm.  tlie  earth. — The  rings  of  Saturn  viewed  ftoxa  the  earth 
may  become  invisible,  either  because  the  parts  presented  to  the  eye 
•re  not  illuminated  by  the  sun,  or,  being  illuminated,  have  dimen- 
sions too  small  to  subtend  a  sensible  visual  angle. 

In  every  position  assumed  by  the  planet  in  its  orbital  motion, 
one  side  or  the  other  of  the  rings  is  illuminated  with  more  or  lest 
intensity,  except  at  the  Satumian  equinoxes,  when,  the  plane  of  the 
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ring  pasttng  tluough  the  sun,  its  edge  alooe  is  illuimiuited.  0«iii( 
to  ^e  extreme  thinneas  of  the  piste  of  matter  codi poking'  the  li^i, 
they  cease  in  this  case  to  be  yisible,  except  by  f&Me  and  uiKeitttB 
indications  obseryed  with  high  magnifying  powers.  It  hwm  hmm 
inferred  by  Sir  John  Herachd^  from  observations  made  with  t^e- 
soopes  of  great  power,  that  the  major  limit  of  their  poM§ible  tbic^i 
ness  is  2  50  miles.  The  yisaal  angle  whi<^h  this  tbicku^^?  ^vroohl 
subtend  at  the  distance  of  Saturn  in  oppodtion,  is  0^^-064.  The 
visual  angle  would,  therefore,  be  less  than  the  £fieeDib  piktt  of  *' 
second. 

The  rings,  therefore,  disappear  from  tbb  cause  at  SikCvni^s 
equinoxes,  which  occur  at  interyals  of  14J  ^^eara. 

When  the  dark  side  of  the  rings  is  exposed  to  the  eartli,  It  li 
evident  that  the  sun  and  earth  must  be  on  opposite  sidvs^  of  the 
plane  of  the  rings,  and  therefore  that  pi  fine  must  have  ^ucb  a 
|>06ition  that  its  direction  would  pass  between  the  «iiin  and  the 
earth.  This  can  only  happen  within  a  (^u-tnia  limited  distAoao  of 
the  planet's  equinoxes. 

The  disappearance  of  the  rings  of  Saturn  was  well  witueiaed«t 
the  Satumian  equinox  in  1 848.  The  northern  aurfnce  of  tb^  ling 
had  then  been  visible  for  nearly  fifteen  years.  The  iBoliom  of  the 
planet  and  the  earth  brought  Uie  plane  of  the  nog  to  that  position 
on  the  22nd  of  April  in  which,  its  edge  beiug  presented  to  the 
earth,  it  became  invisible,  the  sun  bein^  &till  north  of  the  pltufi. 
On  the  3rd  of  September  the  sun,  passing  through  the  plaae  of  ^e 
ring,  illuminated  its  southern  sur&ce,  and^  the  earth  being  on  Ibe 
same  side,  the  ring  was  visible.  On  the  1 2t]i^  the  esjih  agiln 
passing  through  the  plane  of  the  ring,  itii  northern  surface  wns 
exposed  to  the  observer,  which  was  invisible,  the  sun  being  un  the 
southern  side.  The  ring  continued  thu^  to  bt^  invisibla  until  the 
1 8th  of  January,  1 849,  when,  the  earth  once  more  piling  thruugli 
the  plane  of  the  ring,  the  southern  surfiii^e  illuminated  by  ^e 
sun  came  into  view.  This  side  of  the  rin^  continued  to  be  ex- 
posed to  both  the  earth  and  the  sun  until  iS6i-z,  the  epoch 
of  the  last  equinox,  when  a  like  suoces^ion  of  appiraratice>a  and 
disappearances  took  place, — the  sun  and  earth  Dventually  part- 
ing to  the  northern  side,  on  which  they  will  continue  for  a  Hke 
intervaL 

434.  Selmildt'a  observatloiia  mmti  Orawlags  ef  Batnm  vIM^ 
the  rinr  seen  edcewajs. — ^At  the  Satumian  equinox  whidi 
took  place  in  1 848,  a  series  of  observations  was  made  at  Bonify 
the  results  of  whidi  have  demonstrated  the  existence  of  great 
ineliiualitiee  of  surface  <m  the  rings,  having  the  character  of  moun- 
tains of  considerable  elevation.  The  observations  were  made  and  • 
published,  accompanied  by  seventeen  drawings  of  the  appearanos 


XX, 


1.  JaM9& 


SATURN. 

•a  M  MsaqvliKni  In  1848,  by  M.  8du 

S.  BtpL  4-  &•  fc|i«  ». 


4.  Kvp*.!!. 


THE  MAJOR  PLAKETS— SATURN.  257 

of  the  planet,  its  beltB,  and  ring,  by  M.  Julius  Schmidt,  of  the  Bonn 
Obeervitsoiy.  • 

We  have  selected  from  these  drawings  four,  which  axe  given  in 
Plate  XX. 

On  ihe  26th  of  June,  the  planet  presented  an  appearance,^,  i, 
doeely  xeeemhling  that  of  Jupiter,  except  that  a  dark  streak  was 
seen  along  its  equator,  produced  by  the  shadow  of  the  ring,  the 
earth  being  then  a  little  above  the  common  plane  of  the  ring  and 
the  sun.  A  few  feeble  streaks,  of  a  greyish  colour,  were  visible  on 
each  hemisphere,  which  however  disappeared  towards  the  pedes. 
A  very  feeUe  star  was  seen  at  the  western  extremity  of  the  ring, 
which  'was  supposed  to  be  one  of  the  nearer  satellites.  The  ring 
exhibited  the  appearance  of  a  broken  line  of  light  projecting  from 
each  aide  of  the  planefs  disk. 

After  this  day  the  shadow  across  the  planet  disappeared,  but 
was  again  fidntly  seen  on  the  25  th  of  July. 

The  ring  continued  to  be  invisible  until  the  5rd  of  September* 
when  a  very  slight  indication  of  it  was  seen,  but  on  the  next  night 
it  became  distinctly  visible  with  an  interruption  in  two  places,  as 
represented  in^.  2.  The  bright  equatorial  bdt  was  divided  into 
two  miequal  parts  by  the  ring,  the  northem  portion  being  the  nar- 
rower. Three  small  satellites  were  seen  on  the  prolongation  of  the 
direction  of  the  ring. 

On  the  5th,  the  ring  was  symmetrically  broken  on  both  sides, 

On  the  7th,  the  western  side  was  divided  into  three  parts. 

On  the  nth,  the  ring  and  planet  presented  the  appearance 
represented  in^.  4. 

The  broken  and  changing  appearances  of  the  ring  on  this  occa- 
sion can  only  be  explained  by  the  admission  of  great  inequalities 
of  surface  rendering  some  parts  of  the  ring  so  thick  as  to  be  visible, 
and  others  so  tiun  as  to  be  invisible,  when  presented  edgeways  to 
the  observer. 

435.  Obserratlotta  ef  Senotael.  —  These  observations  of 
Schmidt  are  corroborative  of  those  made  at  a  much  eariier  epoch 
by  Sir  W.  Herschel,  who  discovered  the  existence  of  appearances 
on  the  surface  of  the  rings  indicating  mountainous  inequiBlities. 

436.  Smppesed  aalttpUeltj  ef  ringm. —  Some  observations 
made  at  Rome  and  elsewhere  gave  grounds  for  the  conjecture,  that 
the  outer  ring  instead  of  being  double,  is  quintuple,  and  that 
instead  of  having  a  single  division,  there  are  four.  It  wiis  even 
affirmed  with  some  confidence,  that  the  ring  was  septuple,  and 
consisted  of  seven  concentric  rings  suspended  in  the  same  plane. 

•  Jt9troiiomiaeh§  NadkHckttn,  VoL  xxvffl.  No.  65a 
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Theee  oonjectmee  were  founded  upon  the  supposed  pennaneaice  J 
the  black  dicuLur  and  concentric  streaks  whidi  are  obserred  i^on 
the  surface  of  the  rings,  and  which  are  quite  analogous  to  the  belti 
of  the  planet  This  assumed  permanence  has  not,  howerer,  been 
re-obe^ed,  although  the  planet  has  been  examined  bj  numoons 
observers,  with  telescopes  of  yeiy  superior  power  to  those  with 
which  the  obeenrations  were  made  which  formed  the  ground  of  ^ 
conjecture. 

The  passage  of  Saturn  diametricallj  across  any  fixed  star  of 
sufficient  magnitude,  at  the  epoch  of  iiie  Satumian  solstice,  when 
the  plane  of  the  ring  is  inclined  at  the  greatest  angle  to  the  Tisoal 
line,  would  supply  tiie  most  eligible  means  of  testing  the  multiple 
structure  of  the  rings ;  for  in  that  case  the  light  of  the  star  would 
be  seen  with  the  telescope  to  flash  through  each  succesaiTe  opoiing 
between  ring  and  ring,  provided  that  l^e  width  of  such  opening 
were  sufficient  to  allow  the  yisual  ray  to  clear  the  thickness  of  the 
rings. 

457.  mine  pi«b«1»lj'  triple — ebserratloaa  of  Meaia. 
&aMell  and  Bawea. — Neyertheless,  there  are  well  asc^tained 
appearances  on  the  surfSftce  of  the  outer  ring,  which  have  been 
thought  to  indicate  a  second  division,  and  that  the  ring  is  triple. 
So  early  as  1838,  Professor  Enoke  noticed  an  appearance  whidi 
indicated  a  division,  and  even  made  drawings  in  which  sudi  a 
division  is  indicated.  (See  Thmsactians  of  the  BerUn  Aoadennf  af 
Sdmowj  1838.)  On  the  7th  of  September,  1843,  Messrs.  L^MeU 
and  Dawes,  unaware  apparently  of  Encke's  observations,  saw,  with 
a  nine-feet  Newtonian  reflector  constructed  by  Mr.  LasseU,  what 
they  considered  to  be  a  division  of  the  outer  ring.  The  observa- 
tion was  made  under  a  magnifying  power  of  450,  which  gave  a 
sharply  defined  disk  to  the  planet,  and  exhibited  the  principal 
division  of  the  rings  as  a  continuous,  distinctly  seen^  black  streak, 
extending  all  round  the  surface  of  the  ring.  A  dark  line  on  Uie 
outer  ring,  near  the  extremities  of  the  ellipse,  was  not  only  distinctly 
seen,  but  an  estimate  of  its  breadth,  compared  with  that  of  the 
principal  division,  was  made  by  both  these  observers,  from  which  it 
appeared  that  this  breadth  was  about  one  third  of  the  space  which 
separates  the  two  principal  rings.  Its  place  upon  the  outer  ring 
was  a  little  less  than  half  the  entire  width  of  the  ring  from  the  outer 
edge,  and  it  was  equally  visible  at  both  ends  of  the  ellipse.  No 
appearances  could  be  discovered  of  any  other  divisions,  although 
the  shading  of  the  belts  on  the  inner  ring  was  distinguished. 
,  438.  B— eai^bea  of  Beasel  corroborate  tliese  eoqloetares. 
^-Bessel  compared  all  the  observations  made  on  the  rings  frxim 
1700  to  1833,  with  the  view  of  determining  with  more  precision 
the  nodes  of  the  ring,  and  found  that  the  ring  has  frequently  been 
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seen  when  it  ought  to  have  been  inviaible;  if  the  seyeral  concentric 
lings  of  which  it  congists  were  all  in  the  same  plane  and  had  a 
nmform  surface.  He  found  that  the  appearances  and  disappear- 
ances had  no  certain  or  regular  epochs,  and  did  not  correspond 
with  each  other  even  to  the  same  observer,  using  the  same  instru- 
ment Thus  Schwabe,  at  Dessau,  saw  the  line  of  light  formed  by 
the  rings  near  their  equinox  resolve  itself  into  a  series  of  points. 
Schmidt,  as  has  been  stated,  saw  it  become  a  broken  line,  changing 
its  form  from  night  to  night.  Other  observers  saw  the  ring 
disappear  on  one  side  of  the  disk,  while  it  was  apparent  on  the 
other.  From  all  these  phenomena,  it  is  inferred  that  probably  the 
rings  are  in  planes  slightly  different;  that  their  edge  is  not  re- 
gulaily  circular,  but  notched  and  dinged ;  and  that  their  surfaces  are 
characterised  by  considerable  mountainous  undulations. 

439.  1MS0OT6I7  of  an  Inner  ting  ImperDsotljr  refleotlfre  and 
WrtMmSMy  transparent. — But  the  most  surprising  result  of  recent 
telescopic  observations  of  this  planet  has  been  the  discoveiy  of  a 
ring,  composed,  as  it  would  appear,  of  matter  reflecting  light  much 
more  imperfectly  than  the  planet  or  the  rings  already  described ; 
and  what  is  still  more  extraordinary,  transparent  to  such  a  degree, 
that  the  body  of  the  planet  can  be  seen  through  it. 

In  1838,  Br.  Galle,  at  that  time  assistant  at  the  Berlin  observa- 
toiy,  noticed  a  phenomenon,  which  he  described  as  a  gradual 
shading  off  of  the  inner  ring  towards  the  sur&ce  of  the  planet,  as 
if  the  solid  matter  of  the  ring  were  continued  beyond  the  limit  of 
its  illuminated  surface,  this  continuation  of  the  surface  being 
rendered  visible  by  a  veiy  feeble  illumination  such  as  would  attend 
a  penumbra  upon  it ;  and  measures  of  this  obscure  surface  were 
published  by  him  in  the  Ihrneadiana  of  the  Berlin  Academy  of 
Sdmcee  of  that  year. 

The  subject,  however,  attracted  veiy  little  attention  until  to- 
wards the  close  of  1 850,  when  Professor  Bond  of  Cambridge,  Mas- 
sachusetts, U.S.  and  Mr.  Dawes  in  England,  not  only  recognised  the 
phenomenon  noticed  by  Dr.  Oalle,  but  ascertained  its  character 
and  features  with  great  precision.  The  observations  of  Professor 
Bond  which  were  made  on  the  1 5th  of  November,  were  not  known 
in  England  until  the  4th  (A  December ;  but  the  phenomenon  was 
▼ery  folly  and  satisfactorily  seen  and  described  by  Mr.  Dawes,  on 
the  29th  of  November.  That  astronomer,  on  the  3rd  of  December, 
called  the  attention  of  Mr.  Lassell  to  it,  who  also  witnessed  it  on 
that  evening  at  the  obeervatoiy  of  Mr.  Dawes;  and  both  imme- 
diately published  their  observations  and  descriptions  of  it,  wliich 
a^^peared  in  Europe  simultaneously  with  those  of  Professor  Bond. 

It  was  not,  however,  until  1852  that  the  transparency  was  fully 
Mcertained.     "Etom  soma  obsenrations  made  in  September,  Mr. 
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Dawee  Btronglj  suspected  its  existence,  and  aboat  the  same  time 
it  was  dearlj  seen  at  Madras  hj  Captain  Jacob,  and  in  October  by 
Mr.  Lassell  at  Malta,  whither  he  had  removed  his  20-feet  reflector 
to  obtain  the  advantages  of  a  lower  latitude  and  more  sentte  fikj. 
The  result  of  these  observations  has  been  the  conclaaiTS  ptof  of 
the  unique  phenomenon  of  a  semi-transparent  annular  apfandage 
to  this  planet 

440.  Brawlikir  of  the  planet  and  tta^t  mm  a«en  fer  lCr» 
Bawea. —  The  planet  surrounded  by  thia  compound  BrMc^a  of 
rings  is  represented  in  Plate  XXL  The  drawmgr  is  reduced  fi^ou 
the  original  sketch,  made  by  Mr.  Dawes,  of  the  pliuiet  w  9e«n 
with  his  refractor  of  6}  inch  aperture,  at  Watf^riag-bufy^  in  Novem- 
ber 1852.  Another  representation  of  the  planet  aa  aeesi  by  Hr, 
Lassell  at  Malta,  in  December  1852^  hiia  hmn  Uthographedf  and 
is  almost  identical  with  that  of  Mr.  Dawes.  In  both  drawing?  the 
form  and  appearance  of  the  obscure  ring  and  it$  partial  tmx^^orency 
are  rendered  quite  manifest  The  principa!  dirisioD  of  the  brighs 
rbgs  is  visible  throughout  its  entire  ciiruinfereDce,  The  black 
line,  supposed  to  be  a  division  of  the  outer  nti^^  i»  visible  in  ik^ 
drawing  of  Mr.  Dawes;  but  was  not  at  all  &oeD  by  Mr.  Laasell, 

A  remarkably  bright  thin  line,  at  the  inu^r  edge  of  ihe  isa^; 
bright  ring,  wldch  appears  in  the  Pkte  XXI,,  waa  distiiictlj  ema 
by  Mr.  Dawes  in  185 1  and  1852. 

The  inner  bright  ring  is  always  a  little  brighter  than  the  planet 
It  is  not,  however,  uniformly  bright  Its  illuminatioii  ia  most 
intense  at  the  outer  edge,  and  grows  gradually  fidnter  towaids  the 
inner  edge,  where  it  is  so  feeble  as  to  render  it  somewhat  difficult 
to  ascertain  its  exact  limit  It  would  seem  as  if  tiie  impexfectiy 
reflective  quality  at  the  inner  edge  approaches  to  that  of  the  obscure 
ring  recently  discovered.  The  open  space  between  the  ring  and 
-the  planet  has  the  same  colour  as  the  surrounding  sky. 

441.  Beaael'a  ealenlation  otthm  maaa  ef  the  riaffs.— Beasd 
has  attempted  to  determine  the  mass  of  the  system  of  rings  by  the 
perturbation  they  produce  upon  the  orbit  of  the  sixth  satellite. 
He  estimates  it  at  i-i  1 8th  part  of  the  mass  of  the  planet  The 
thickness  of  the  rings  being  too  minute  for  measurement,  no  esiti- 
mate  of  the  density  of  the  matter  composing  them  can  be  henee 
obtained ;  but  if  the  density  be  assumed  to  be  equal  to  that  of  the 
planet  (which  will  be  explained  hereafter),  it  would  follow  that 
the  thickness  of  the  rings  would  be  about  138  miles,  which  is  not 
fJEir  from  the  estimate  of  their  thickness  made  by  observers.  If  this 
thickness  be  admitted,  the  edge  of  the  rings  would  subtend  an 
angle  of  tiie  i-52nd  part  of  a  second  at  Saturn's  mean  distance. 
Henoe  it  will  be  understood  that  the  ring  must  disappear,  even  in 
poweifid  telescopes,  when  presented  edgeways. 
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442.  StaMUtj  of  tbm  Haft. — One  of  the  dicumstances  at- 
'tending  this  planet;  which  has  excited  meet  general  aatoniahment^ 
18  the  &ct  that  tiie  glohe  of  the  planet^  and  two,  not  to  say  more, 
stapendouB  ringSy  earned  round  the  son  with  a  velocitj  of  22,000 
xmlee  an  hour,  subject  to  a  periodical  variation  not  incondderabley 
due  to  the  yarying  distance  of  the  planet  from  the  son,  should 
nerertheless  wMtintain  their  relatiye  position  for  countless  ages  un- 
distorbed;  the  globe  of  the  planet  remaining  still  poised  in  the 
middle  pf  the  rings,  and  the  rings,  two  or  several,  as  the  case  may  . 
"be,  remaining  one  within  the  o^er  without  matcorial  connection  or 
apparent  contact,  no  one  of  the  parts  of  this  most  marvellous 
combination  haying  ever  gained  or  lost  ground  upon  the  other, 
and  no  apparent  approach  to  collision  haying  taken  place,  not- 
^vithfltanding  innumerable  disturbing  actions  of  bodies  exteinal  to 

443.  OaoM  MMtcaed  fto  tbU  staMlily. — Hie  happy  thought 
of  bringing  the  rings  under  the  common  law  of  gravitation,  which 
gives  stalely  to  satellites,  has  supplied  a  striking  and  beautiful 
soliition  for  tiiis  question.  The  manner  in  which  tiie  attraction  of 
gravitation,  combined  with  centriAigal  force,  causes  the  moon  to 
keep  revolving  round  the  earth  wi^ont  ftlling  down  upon  it  by 
its  gravity  on  the  one  hand,  or  receding  indefinitely  fiK>m  it  by 
the  oentriiugal  force  on  the  other,  is  wdl  understood.  In  virtue 
of  ^e  equality  of  these  forces,  the  moon  keeps  continually  at  the 
same  mean  distance  from  the  earth  while  it  accompanies  the 
earth,  round  the  sun.  Now  it  would  be  easy  to  suppose  another 
moon  reviving  by  the  same  law  of  attraction  at  the  same  distance 
from  the  earth.  It  would  revolve  in  the  same  time,  and  with  the 
same  velocity,  as  the  first  We  may  extend  the  supposition  with 
equal  fiicility  to  three,  four,  or  a  hundred  moons,  at  tiie  same  dis- 
tance. Nay,  we  may  suppose  as  many  moons  placed  at  the  same 
distance  round  the  earth  as  would  complete  ti^e  circle,  so  as  to 
form  a  ring  of  moons  touching  each  other.  They  would  still 
move  in  the  same  manner  and  with  the  same  velocity  as  the  single 
moon. 

If  such  a  ring  of  moons  were  beaten  out  into  the  thin  broad 
flat  rings  whic^  actuaUy  surround  Saturn,  the  circumstances 
would  be  somewhat  changed,  inasmuch  as  the  periods  of  each 
concentric  zone  would  vaiy  in  a  certain  ratio,  depending  on  its 
distance  from  the  centre  of  Saturn,  so  that  each  such  zone  would 
have  to  revolve  more  rapidly  than  those  within  it,  and  less 
rapidly  than  those  outside  it.  But  if  the  entire  mass  were  cohe- 
rent, as  the  component  parts  of  a  solid  body  are,  the  complete 
ring  might  revolve  in  a  periodic  time  less  than  that  due  to  its 
exterior,  and  longer  than  that  due  to  its  interior  parts.    In  &ct, 
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ihe  period  of  its  reTolution  would  be  the  period  dve  to  a 
lone  lying  near  the  middle  of  its  breadth,  exactly  as  the  time  d 
oecillation  of  a  compound  pendulum  is  that  which  is  proper  to 
the  centre  of  oecillation  (M.  506).  Indeed,  the  case  of  the  cmgI- 
lation  of  a  pendulum,  and  ike  ccmditions  which  determine  tk« 
coitre  of  oscillation,  affoid  a  very  striking  illu8trati<m  of  the  pkjncal 
phenomena  here  contemplated. 

444.  mot«tt«B  of  tbm  littffa. —  Now  the  obeenratioiifl  of  % 
William  Herschel  on  certain  appearances  upon  the  soifiuM  of 
the  rings,  led  to  the  discoveiy  that  they  actually  have  a  rerrola- 
tion  round  their  common  centre  and  in  tiieir  own  plane,  and  that 
the  time  of  such  revolution  is  very  nearly  equal  to  the  periodic 
time  of  a  satellite  whose  distance  from  the  centre  of  ^e  planet 
would  be  equal  to  that  of  the  middle  point  of  the  breadth  of  the 
rings. 

But  if  the  principles  above  explained  be  admitted,  it  -would 
follow  that  each  of  the  concentric  sones  into  idiich  the  ring-  is 
divided  would  have  a  different  time  of  revolution,  just  as  satel- 
lites at  different  distances  have  different  periodic  times;  and  it 
is  extremely  probable  that  such  may  be  the  case,  because  no 
observations  hitherto  made  afiind  results  sufficiently  exact  and 
conclusive  as  to  either  establish  or  overturn  such  an  hypothesis. 

It  appears,  therefore,  that  the  stability  of  the  rings  is  explicsble 
upon  the  same  principle  as  the  stability  of  a  satellite. 

445.  Bzeentrtelty  of  thm  rlaffs.  —  The  fact  that  the  system 
of  rings  is  not  concentrical  with  the  planet  resulted  from  scnae 
observations  made  by  Messrs.  Harding  and  Schwabe;  after 
which  the  subject  was  taken  up  by  Professor  Struve,  who,  by 
delicate  micrometric  observations  and  measurements  executed 
with  the  great  Dorpat  instrument,  fully  established  the  &ct»  that 
the  centre  of  the  rings  moves  in  a  small  ori>it  round  the  centre  of 
the  planet,  being  carried  round  by  the  rotation  of  the  rings. 

446.  Arftiments  fto  the  staUllttgr  floanaed  on  the  a'aaaa 
trleitj. — Sir  John  Herschel  has  indicated,  in  this  deviation  of  the 
centre  of  the  rings  from  the  centre  of  the  planet,  another  source 
of  the  stability  of  the  Satumian  system.  If  the  rings  were 
*'  mathematically  perfect  in  their  circular  form,  and  exacdy  con- 
centric with  the  planet,  it  is  demonstrable  that  they  would  form 
Hn  spite  of  their  centrifugal  force)  a  system  in  a  state  of  mutable 
equiUbrimn,  which  the  slightest  external  powor  would  subvert  — 
not  by  causing  a  rapture  in  the  substance  of  the  rings,  but  by 
precipitating  t^em,  unbroken,  on  the  suifaoe  of  the  planet.  For 
the  attraction  of  such  a  ring  or  rings  on  a  point  or  q^ere  excen- 
trically  situate  within  them  is  not  the  same  in  all  directions,  but 
tends  to  draw  the  point  or  sphere  toward  the  nearest  part  of  the 
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ringV  or  away  from  the  centre.    Hence,  suppoaing  tlie  body  to  be- 
come,   from  any  cause,  eyer  so  little  excentric  to  the  ring,  the 
tendency  of  their  mutual  grayity  is,  not  to  oonect  but  to  increase 
this  excentridty,  and  to  bring  the  nearest  parts  of  them  together. 
Norvr,    external  powers^  capable  of  producmg  such  excentridty, 
exist  in  the  attractions  of  the  satellites :  and  in  order  that  the 
syBtem  may  be  iiable,  and  possess  within  itself  a  power  of  resisting 
the  first  inroads  of  such  a  tendency,  while  yet  nascent  and  feeble, 
and  opposing  them  by  an  opposite  or  maintaining  power,  it  has 
been  shown  that  it  is  sufficient  to  admit  the  rings  to  be  loaded  in 
some  part  of  their  circumference,  either  by  some  minute  inequality 
of  thickness,  or  by  some  portions  being  denser  than  others.    Such 
a  load  would  give  to  the  whole  ring  to  which  it  was  attached 
some'what  o(  die  character  of  a  heaTy  and  sluggish  satellite, 
maintaining  itself  in  an  orbit  with  a  certain  energy  sufficient  to 
orercome  minute  causes  of  disturbance,  and  establish  an  average 
bearing  on  its  centre.    But  even  without  supposing  the  existence 
of  any  such  load — of  which,  after  all,  we  have  no  proof — and 
granting,  therefore,  in  its  full  extent,  the  general  instability  of  the 
equilibrium,  we  think  we  perceive,  in  ^e  periodicity  of  all  the 
causes  of  disturbance,  a  sufficient  guarantee  of  its  preservation. 
However  homely  be  the  illustration,  we  can  conceive  nothing  more 
apt  in  eveiy  way  to  give  a  general  conception  of  this  maintenance 
of  equilibrium,  under  a  constant  tendency  to  subversion,  than  the 
mode  in  which  a  practised  hand  will  sustain  a  long  pole  in  a  per- 
pendicular position  resting  on  the  finger,  by  a  continual  and  almost 
im^peroeptible  variation  of  the  point  of  support    Be  that,  however, 
as  it  may,  the  observed  osdllation  of  the  centres  of  the  rings 
about  that  of  the  planet  is  in  itself  the  evidence  of  a  perpetual 
contest  between  conservative  and  destructive  powers  —  bo^  ex- 
tremely feeble,  but  so  antagonising  one  another  as  to  prevent  the 
latter  from  ever  acquiring  an  uncontrollable  ascendency,  and  rush- 
ing to  a  catastrophe." 

Sir.  J.  Herschel  further  observes,  that  nnce  ''the  least  dif- 
ference of  velocity  between  the  planet  and  the  rings  must  infallibly 
precipitate  the  one  upon  the  other,  never  more  to  separate  (for, 
once  in  contact,  they  would  attain  a  position  of  stable  equilibrium, 
and  be  held  together  ever  after  by  an  inunense  force),  it  follows 
either  that  their  motions  in  their  common  orbit  round  the  sim 
must  have  been  adjusted  to  each  other  by  an  external  power  with 
the  minutest  precision,  or  that  the  rings  must  have  been  formed 
about  the  plimet  while  subject  to  their  oonnnon  orbital  motioui 
and  under  the  full  and  free  influence  of  all  the  acting  forces." 
The  rings  must  obviously  form  a  moet  remarkable  object  in  the 
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finuament  to  obsenren  statioQed  on  Satiun,  and  nuut  ^kj  an  m- 
portant  part  in  their  uranographj.  The  problem  to  detezmiBd 
their  apparent  magnitude^  form^  and  position,  in  relation  to  &• 
fixed  starsy  the  sun,  and  Satomian  moons,  has,  therefore,  heea 
regarded  as  a  question  of  interesting  speculation,  if  not  of  grest 
scientific  importance.  The  subject  has,  accordinglj,  more  or  lesi 
engaged  the  attention  of  astronomers.  The  conclusion,  howoTer,  si 
which  they  have  arrired,  and  the  yiews  which  have  been  genesallj 
expressed  and  adopted  respecting  it,  are  open  to  considerable  doubt, 
if  not  altogether  erroneous.  It  is  not  the  object  of  this  work  to 
enter  controversially  on  any  disputed  part  of  astronomical  scieiiee^ 
we  must  therefore  leave  the  subject  in  the  hands  of  those  who  are 
interested  in  a  subject,  which  to  say  the  least,  may  be  oonsidend 
speculative.* 

447.  SafUltea. —  Saturn  is  attended  by  eight  satellitee,  aeveo 
of  which  move  in  orbits  whose  planes  coincide  veiy  nearly  with 
that  of  the  equator  of  the  planet,  and  therefore  with  the  plane  of 
the  rings.  The  orbit  of  the  remaining  satellite,  which  ia  Ihe  most 
distant,  is  inclined  to  the  equator  of  the  planet  at  an  angle  of  about 
12^  14',  and  to  the  plane  of  the  planet's  orbit  at  nearly  the  aame 
angle. 

448.  Thair  nomanolatiire. —  In  the  designations  of  the  satel- 
lites, much  confusion  has  arisen  from  the  disagreement  of  astro- 
nomers as  to  the  principle  upon  which  the  numerical  order  of  the 
satellites  should  be  determined.  Some  name  them  first,  second, 
third,  &c,  in  the  order  of  their  discovery ;  while  others  designate 
them  in  the  order  of  their  distances  from  Saturn.  It  has  been 
proposed  to  remove  all  confusion,  by  giving  them  names,  taken, 
like  those  of  the  planets,  from  the  heathen  divinities.  The  follow- 
ing metrical  arrangement  of  these  names,  in  the  order  of  their 
distances,  proceeding  from  the  most  distant  inwards,  has  been 
proposed,  as  affording  an  artificial  aid  to  the  memory : — 

lapetoB,  Titan ;  Rbea,  Dione,  Tethys  f  i 
£iiceUdaa,  Biimas . 

449.  Order  of  tbelr  dlaoorery* — Since  this  was  suggested, 
the  eighth  satellite  situate  between  lapetus  and  Titan  has  been 
discovered,  and  called  Hyperion. 

*  Thftse  prevailing  errors  respecting  the  uranography  of  Saturn,  fbnn  the 
materials  of  a  long  and  interesting  paper  by  Dr.  Lardner,  published  in  the 
Memoin  of  the  Royal  Attrtmomical  Society,  Tol  XXTI.  Those  who  leel 
interested  in  the  consideration  of  this  subject  may  consult  this  memoir  with 
advantage.  —  £.  D. 

t  Pronounced  TSthys. 
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Num. 

WhaidtaMVMwL 

TlUn. 

I>i4>M. 

TethTS. 
BnceUdos. 
Uimas. 
Hjp6noa« 

D.^lsshil. 
Da 

Do. 
SirW.Herschel. 

Do. 
Ifessrs.  Lassell  and  Bond. 

March,  1655. 
October,  167U 
Decembrr,  1671. 
March,  1684. 
March,  1684. 

September.  1780. 

Hyperion  was  discovered  on  the  same  night;  the  19th  of  Sep- 
teinher,  1 848^  by  Mr.  Lassell  of  Liyerpool;  and  Professor  W.  C. 
IBond  of  the  Uniyersity  of  Camhiidge  in  the  United  States. 

45a  Thmir  dtofncai  and  periods. —  The  periodic  times  and 
mean  distances  of  these  bodies  from  the  centre  of  Saturn^  ascer- 
tained by  the  same  kind  of  observations  as  already  explained  in 
the  case  of  the  satellites  of  Jupiter,  are  as  follows : — 


<Mm. 

PMod. 

DiMaBM. 

timm. 

D.    H.    M.     8. 

-ns- 

orSuorn. 

I 

% 
3 

4 

1 

I 

Mimas     - 
Rnceladns 
Tethjt     - 

DiOM        . 

Rhea 

Titan       . 
Hyp^noo* 
lapecus     - 

0  14    17    »l-9 

1  8    51     67 
I    ai    18   %i-7 
»    17   41      8-9 
4    11    %$    icri 

15   n  4«    »5*» 
»i     7     7   40  8 
79     7    5!    40-4 

»i6 

3-1607 
9-55»8 

64-1590 

451.  Blonffattona  and  Mlattra  dUtaaoea. — The  greatest 
elongations  of  the  satellites  from  the  primary^  and  the  scale  of  their 
distuices  in  relation  to  the  diameters  of  the  planet  and  its  rings, 
are  represented  in^.  73,  assuming,  for  convenience,  that  die 
angular  value  of  the  semidiameter  of  the  planet  is  equal  to  Io'^ 

It  appears,  therefore,  that  the  orbit  of  the  most  remote  of  the 
satellites  subtends  a  visual  angle  of  only  1 286''  at  the  earth,  being 
about  two-thirds  of  the  apparent  diameter  of  the  sun  or  moon,  and 
within  this  small  visual  space  all  the  vast  physical  machineiy  and 
phenomena  which  we  have  here  noticed  are  in  operation,  and 
within  such  a  space  have  these  extraordinaiy  discoveries  been 
made.  The  apparent  diameter  of  the  external  edge  of  the  rings 
is  only  44'^,  or  tiie  fortieth  part  of  the  apparent  diameter  of  the 
sun  or  moon ;  yet  within  that  small  circle  have  been  observed  and 
measured  the  planet,  its  belts,  atmosphere,  and  rotation,  and  the 
two  rings,  their  magnitude,  rotation,  and  ^e  lineaments  of  their 
surface. 
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452.  Varlovs  pHaa—  and  apy  wacM  of  fbm  1 
obserrers  on  the  planet. —  All  that  has  been  said  of  the  phaaea 

II    and  appearancee  of  the  moons  of  Japitor,  as  pope- 
83nted  to  the  inhahitanta  of  that  planet,  ia  equally 
applicable  to  the  aatellitee  of  Satam^  with  this  dif- 
ference, that  instead  of  four  there  are  eight  moons 
I    cont'nuallj  revolving  round  the  planet,  and  exhibit- 
*    ing  all  the  monthly  changes  to  which  we  are  ac^ 
customed  in  the  case  of  the  solitaiy  satellite  of  tii^ 
earth. 
The  periods  of  Saturn's   moons,  like    those    oi 
Jupiter,  are  short,  with  the  exception  of  those  moat 
remote   from    the   primaiy.      The   nearest   paaaos 
through  all  its  phases  in  22^  hours,  and  the  fonrtii, 
counting  outwards,  in  less  than  66  hours.    The  next 
three  have  months  varying  from  4  to  21  teireatxial 
I    days. 
These  seven  moons  move  in  oibits  whoee  planes 
are  nearly  coincident  with  the  plane  of  the  ringa. 
The  consequence  of  this  arrangement  is,  ihat  tfaey 
are  always  visible  by  the  inhabitants  of  both  hemi- 
spheres when  they  are  not  eclipsed  by  the  shadow  of 
the  planet 
The  two  inner  satellites  are  seen  making  their 
rapid  course  along  the  external  edge  of  the  ring, 
within  a  veiy  smtdl  apparent  distance  of  it    The 
modon  of  the  nearest  is  so  rapid  as  to  be  per- 
ceivable, like  that  of  the  hour-hand  of  a  coloseal 
time-piece.    It  describes  360^  in  22|  hours,  being 
at  the  rate  of  16®  per  hour,  or  16'  per  minute,  so 
that  in  two  minutes  it  moves  over  a  space  equal  to 
the  apparent  diameter  of  the  moon. 
The  eighth,  or  most  remote  satellite,  is  in  many  respects  ex- 
ceptional, and  different  from  all  the  others.     Unlike  these,  it 
moves  in  an  orbit  inclined  at  a  considerable  angle  to  the  plane  of 
the  rings. 

It  is  exceptional  also  in  its  distance  from  the  primaiy,  being 
removed  to  the  distance  of  64  semidiameters  of  Saturn.  The 
only  case  analogous  to  this  presented  in  the  solar  system  is  that  of 
the  earth's  moon,  the  distance  of  which  is  60  semidiameters  of 
the  primaiy. 

455.  Mavmtadea  of  tlie  aataUltes.— Owing  to  the  great  dia- 
tance  d  Saturn,  the  dimensions  of  the  satellites  have  not  he&a. 
ascertained.  The  sixth  in  order,  proceeding  outwards,  is,  however, 
known  to  be  the  largest,  and  it  appears  certain  that  its  volume  is 
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IHtie  lees  than  that  of  the  planet  Man.  The  three  aatellitee 
mmmediatelj  within  this,  Rhea,  Dione,  and  Tethys,  are  smaller 
IxKlieSy  and  can  only  be  seen  with  telescopes  of  great  power.  The 
oUier  two,  Mimas  and  Enceladus,  require  instruments  of  the  veiy 
liigbest  power  and  perfection,  and  atmospheric  conditions  of  th^ 
xnost  &Tourable  nature,  to  be  obsernible  at  alL  Sir  J.  Herschel 
flajs,  that  at  the  time  they  were  discovered  by  his  &ther  **  they 
'were  seen  to  thread,  like  beads,  the  almost  infinitely  thin  fibre  <^ 
light  to  which  the  ring,  then  seen  edgeways,  was  reduced,  and 
for  a  short  time  to  advance  off  it  at  either  end,  speedily  to  retuniy 
and  hastening  to  their  habitual  concealment  behind  the  body.'' 

454.  Aiipareat  mmffnitudea  ms  aeea  flrom  Bfttnm.  — The 
Teal  magnitudes  of  the  satellites,  the  sixth  excepted,  being 
unascertained,  nothing  can  be  inferred  with  any  certain^  respecting, 
their  apparent  magnitudes  as  seen  from  the  suHace  of  Saturn,  except 
-what  may  be  reasonably  conjectured  upon  analogies  to  other  like 
bodies  of  the  system.  The  satellites  of  Jupiter  being  all  greater 
than  the  moon,  while  one  of  them  exceeds  Mercury  in  magnitude, 
and  another  is  but  little  inferior  in  volume  to  that  planet,  it  may 
be  assumed  with  great  probability  of  truth  that  the  satellites  of 
Saturn  are  at  least  severally  greater  in  their  actual  dimensions 
than  our  moon. 

If  this  be  admitted,  their  probable  apparent  magnitudes  as  seen 
from  Saturn  may  be  inferred  from  their  distances.  The  distance 
of  the  first,  Mimas,  from  the  nearest  part  of  the  sur&ce  of  the 
planet,  is  only  90,000  miles,  or  nearly  2^  times  less  than  the 
distance  of  the  moon ;  the  distance  of  the  second  is  about  half  that 
of  the  moon  ;  that  of  the  third  about  two-thirds,  and  that  of  the 
fourth  about  five-sixths,  of  the  moon*s  distance.  If  these  bodies, 
therefore,  exceed  the  moon  in  their  actual  dimensions,  tlieir  apparent 
magnitudes  as  seen  frt>m  Saturn  will  exceed  the  apparent  magnitude 
of  the  moon  in  a  still  greater  ratio  than  that  in  which  the  distance 
of  the  moon  from  the  earth  exceeds  their  several  distances  from 
the  sur&ce  of  Saturn.  Of  the  remaining  satellites,  little  is  as  yet 
knofwn  of  the  seventh,  and  apparently,  the  most  minute,  Hyperion, 
which  was  only  discovered  in  1848 ,  and  the  great  magnitude  of 
the  sixth,  Titan,  renders  it  probable  that,  notwi^standing  its^great 
distance  from  Saturn,  it  may  still  appear  with  a  disk  not  veiy  much 
kfls  than  that  of  the  moon. 

455.  Betati«B  OB  tlieir  asMs. — The  case  of  the  moon,  and  the 
obecnrvations  made  on  the  satellites  of  Jupiter,  raise  the  presumption 
that  it  is  a  general  law  of  secondary  planets  to  revolve  on  their  axes 
in  the  times  in  which  they  revolve  round  their  primary.  The 
great  distance  of  Saturn  has  deprived  observers  hitherto  of  the 
^ower  of  testing  thia  law  by  the  Satumiaa  sjntenu    Certata 
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ippeanuices,  Itowerer,  which  have  been  obeenred  in  the  case  d 
the  great  satellite  Titan  indicate,  at  least  with  regard  to  it,  sock  t 
rotation.  The  yariation  of  its  apparent  brightness  in  difierent  parli 
of  its  orbit  is  reiy  conspicuous^  and  the  changes  have  a  fi:ad 
relation  to  its  elongation,  the  same  degree  of  brightness  always 
coiresponding  to  tilie  same  position  of  the  satellite  in  relatioQ  to  its 
primaxy.  Now  this  is  an  efiect  which  would  be  explicable  on  tiie 
supposition  that  different  sides  of  the  satellite  reflect  light  with 
different  degrees  of  intensitj,  and  that  it  levchrea  on  its  axis  in  tlie 
same  time  that  it  revolYes  round  its  primaij.  It  has  been  obaerred 
that,  whwL  the  satellite  has  eastern  elongation,  it  has  ceased  to  be 
Tiflible,  from  which  it  has  been  inferred  that  the  hemisphere  then 
turned  to  the  earth  has  so  feeble  a  reflective  power  that  the  light 
proceeding  from  it  is  insufficient  to  affect  tiie  eje  in  a  sensible 
degree.  The  improvement  of  telescopes  has  enabled  observera  to 
follow  it  at  present  through  the  entire  extent  of  its  orbit^  but  the 
diminution  of  its  lustre  on  the  eastern  side  of  the  planet  is  still  so 
great,  that  it  is  only  seen  with  the  greatest  difficulty. 

456.  Mass  sfSatani. —  The  mass  of  Saturn  is  ascertained  by 
the  motion  of  his  satellites,  and  is  found  to  be  the  3  500th  part  of  tiie 
mass  of  the  sun,  or  about  90  times  greater  than  that  of  the  eartii. 

457.  Bansltj. —  Since  the  mass  of  Saturn  is  only  100  ttnics 
greater  than  that  of  the  earth,  while  his  volume  is  about  1000  times 
greater,  it  follows  that  this  planet  is  composed  of  matter  whose 
mean  density  is  about  ten  times  less  than  that  of  the  eartii ;  and 
since  the  density  of  the  earth  is  about  &ve  and  a  half  times  greater 
than  that  of  water,  it  follows  that  the  density  of  Saturn  is  a  little 
more  than  half  that  of  water.  This  is  the  density  of  tiie  light  sorts 
of  wood,  such  as  cedar  and  poplar,  and  is  about  twice  the  density 
of  cork  (EL  91), 

in.  USiLNTTS. 

458.  BiseoFsiy  sf  Vkaaiis.—^  While  occupied  in  one  of  his 
surveys  of  the  heavens  on  tihe  night  of  the  13th  of  March,  1781, 
the  attention  of  Sir  William  Herschd  was  attracted  by  an  object 
which  he  did  not  find  registered  in  the  catalogue  of  stars,  and  which 
presented  in  the  telescope  an  appearance  obviously  difierent  from 
that  of  a  fixed  star.    On  viewing  it  with  increased  magnifying 
powers,  it  presented  a  sensible  disk ;  and  after  the  lapse  of  some 
days,  its  place  among  the  fixed  stars  was  changed.    This  object 
must,  therefore,  have  been  either  a  comet  or  a  planet;  and  Sir  W. 
Herschel  in  the  first  instance  announced  it  as  the  former.    When, 
however,  submitted  to  Airther  and  more  continued  observation,  it 
mtm  fosnd  to  move  in  an  orbit  nearly  drcular,  inclined  at  a  amsQ 


THE  MAJOR  PLANETS.— URANUS.  iSg 

-ttngle  to  tiie  plane  of  the  ecliptic^  and  to  have  a  diak  sensibly 
circular. 

It  appeared,  therefore,  to  hare  the  characters,  not  of  a  comet, 
bat  a  planet  reydying  outside  the  orbit  of  Saturn.  It  was  named 
the  '<  Georgium  Sidus  "  by  Sir  W.  Herschel,  in  c(»npliment  to  his 
fiiend  and  patron  Oeorge  HI.  This  name  not  being  accepted  by 
foreign  astronomers,  that  of  "  Herschel "  was  proposed  by  Laplace, 
and  to  some  extent  for  a  time  adopted.  Definitely,  howeyer,  the 
scientific  world  has  agreed  upon  the  name  "  Uranus,"  by  which 
this  member  of  the  system  is  now  uniyersally  designated. 

4  59.  Veriod«  hj  sjmodlo  matipn. — Owing  to  the  great  length 
of  the  period  of  this  planet,  those  methods  of  determination  which 
require  the  observation  of  one  or  more  complete  revolutions  could 
not  be  applied  to  it  The  synodic  period,  however,  or  the  interval 
between  two  successive  oppositions,  beiag  only  369*4  days, 
supplied  a  means  of  obtaining  a  first  approximation.  This  gives  a 
period  of  30,643  days. 

46a  By  the  aiiparent  motion  In  quadrature. — When  a 
planet  Ib  in  quadrature,  its  visual  direction  being  a  tangent  to  the 
earth's  orbit,  its  apparent  place  is  not  afiected  by  the  earth's  orbital 
motion.  In  the  quadrature  which  precedes  opposition,  the  earth 
moves  directly  towards  the  planet ;  and  in  the  quadrature  which 
follows  opposition,  it  moves  directly  Jram  the  planet  In  neither  ' 
case,  therefore,  would  its  motion  produce  any  apparent  change  of 
place  in  the  planet  It  follows,  therefore,  that  when  a  planet  is  in 
quadrature,  its  apparent  motion  is  due  exclusively  to  its  own  motion 
and  not  at  all  to  that  of  the  earth.  The  daily  motion  of  the  planet 
as  then  observed  is,  therefore,  the  actual  daily  increment  of  its  geo- 
oentrio  Icmgitnde. 

But  in  tiie  case  of  a  planet,  such  as  Uranus,  or  even  Saturn, 
whose  distance  horn  the  sun  bears  a  large  ratio  to  the  earth's  distance, 
the  geocentric  motion  of  the  planet  will  not  difier  sensibly  from  the 
heliocentric  motion ;  and,  therefore,  the  geocentric  daily  increment 
of  the  planefs  longitude  observed  when  in  quadrature  may,  to 
obtain  an  approximative  value  of  the  period,  be  taken  as  the  daily 
increment  oi  the  heliocentric  longitude.  If  this  increment  be  ex- 
pressed by  ^  we  shall  have 

360** 
'=    /    • 

Now,  it  is  found  that  the  apparent  daily  increment  of  the  planefs 
lon^tude  when  in  quadrature  is  42^^*23.  If  360^  be  reduced  to 
seconds,  we  shall  then  have 

^     1296000         ^o 
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Bj  more  accurate  calculation,  the  periodic  time  baa  been  deter- 
mined at  30^686*82  days,  or  84  years. 
^___^ 461.  HellooeBtric  mottoa. — The  mean  dallj 

heliocentric  motion  of  the  planet  is,  therefore,  mote 

exactij,  42"-233. 

462.  IMstanoa  from  tlie  nub — The  mean  dis- 
tance of  Uranus  fimn  the  sun  is  19*183  times  that  of 
the  earthy  and,  conaequentij,  the  actual  distance  ia 
about  1,753,869,000  miles,  ita  distance  from  the 
earth  being,  when  in  opposition^  therefore  1662 
millions  of  miles. 

The  excentricity  of  the  orbit  of  Uranus  bdn^ 
0*0466,  these  distances  are  liable  to  only  a  Teij 
small  variation.  The  distance  from  the  sun  is  in- 
creased in  aphelion,  and  diminished  in  perihelion 
by  less  than  a  twentieth  of  its  entire  amount.  Tha 
plane  of  the  orbit  coincides  very  nearly  with  that  of 
the  ecliptic. 

463.  melAtlTe  orbit  and  dlsto noe  from  tHa 
oartlu — The  relative  proportion  of  the  orbits  of 
Uranus  and  the  earth  are  represented  in  Jl^,  74, 
where  SB's^'is  the  orbit  of  the  earth,  and  8 17  the 
distance  of  Uranus  from  the  sun.  The  four  posi- 
tions of  the  earth,  corresponding  to  the  oppositicm, 
conjunction,  and  quadratures  of  the  planet,  are  re- 
presented as  in  the  former  cases. 

464.  Vast  soalo  of  tbo  orbitol  motfoiu — The 
distance  of  Uranus  from  the  sun  being  above  nine- 
teen times  that  of  the  earth,  and  the  earth  being  at 
such  a  distance  that  light,  moving  at  the  rate  of 
nearly  200,000  miles  per  second,  takes  aboat  eight 
minutes  to  come  from  the  sun  to  the  earth;  it 
follows  that  it  will  take  19x8=152  minutes,  or 
about  two  hours  and  a  half,  to  move  from  the  sun  to 
Uranus.  Sunrise  and  sunset  are,  therefore,  not 
perceived  by  the  inhabitants  of  that  planet  for  two 

hours  and  a  hslf  after  they  really  take  place,  for  the  sun  does  not 
appear  to  rise  or  set  until  the  light  moving  from  it,  at  the 
moment  it  touches  the  plane  of  the  horison,  reaches  the  eye  of  the 
observer. 

The  diameter  of  the  orbit  of  Uranus  measuring,  in  round  num- 
bers, 3,500  millions  of  miles,  its  circumference  measures  1 1,000 
millions  of  miles,  over  which  the  planet  moves  in  30,687  days. 
Its  mean  daily  motion  is  therefore  358,000  miles,  and  its  houriy 
motion,  oonsequenUy,  about  1 5,000  miles. 
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465.  Apparent  and  real  dlameterfl.  — ^The  apparent  diameter 
of  UranuA  in  opposition  exceeds  4''  hj  a  small  fiiaction.  At  the 
distance  of  the  planet  from  the  earth,  in  that  position,  the  linear 
value  of  i"  is  8060  miles ;  the  actual  diameter  of  the  planet  by 
this  method  is  therefore  $$j$ig  miles,  being  about  half  that  of 
Saturn,  and  a  little  more  than  4I  times  that  of  the  eartL  The 
diameter  generally  adopted  is  33,247  miles. 

466. — SnrDaee  and  TQlume.—The  surface  of  Uranus  is  there* 
fore  1 8  times,  and  its  yolume  about  74  times  that  of  the  earth. 

467.  Biamal  retatlon  and  pbjsical  eliaraeter  ef  siirflioe 
vnaseertalBed. — The  yast  distance  of  this  planet,  and  its  conse- 
quent small  apparent  magnitude  and  faint  illumination,  have  ren* 
dered  it  hitherto  impracticable  to  discover  any  indications  of  its 
diurnal  rotation,  the  existence  of  an  atmosphere,  or  any  of  the 
other  physical  characters  which  the  telescope  has  disclosed  in  the 
case  of  the  nearer  of  the  great  planets. 

468.  Solar  llclit  aad  beat. — The  apparent  diameter  of  the  sun 
as  seen  from  Uranus,  is  leas  than  as  seen  from  the  earth  in  the 
ratio  of  I  to  19.  The  magnitude  of  the  stm^s  disk  at  the  earth 
being  supposed  to  be  grepresented  by  iR,Jig,  75,  its  magnitude  seen 
from  Uranus  would  be  it. 

The  illuminating  and  warm- 
ing powers  of  the  solar  rays,  tm- 
der  the  tame  physical  conditions, 
are  therefore  19* «  361  times 
less  at  Uranus  than  at  the  earth. 
,  469.  Suepeeted  rlnrs- — It 
was  at  one  time  suspected  by 
Sir  W.  Herschel  that  this  planet 
was  surrounded  by  two  systems 
of  rings  with  planes  at   right  ^^s-ts- 

angles  to  each  other.    Subsequent  observation  has  not  riialised  this 
conjecture. 

470.  Satellitee. — It  has  been  ascertained  that  Uranus,  like 
the  other  major  planets,  is  attended  by  a  system  of  satellites,  the 
number  of  which  is  not  yet  certainly  determined,  and  which,  from 
the  great  remoteness  of  the  Uranian  system,  cannot  be  seen  at  all 
except  by  the  aid  of  the  most  perfect  and  powerfril  telescopes. 

Sb  W.  Herschel,  soon  after  discovering  this  planet,  announced  the 
existence  of  a  system  of  six  satellites  attending  it  On  the  i  ith 
of  January,  1 787,  the  second  and  fourth  in  order  of  distance  from 
the  planet  were  discovered,  the  remaining  four  having  been  noticed 
in  the  interval  between  the  beginning  of  1 790,  and  the  end  of  1 798. 
The  periods  and  distances  of  the  satellites  as  determined  generally 
by  Sir  W.  Herscheli  are  expressed  in  the  following  Table : — 
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Subaequent  obeervatioDS  have  confinned  this  disooyeiy  so  fw  only 
as  relates  to  the  second  and  fourth  satellites^  the  first^  third,  fifUi, 
and  sixth,  having  OC1I7  been  seen  by  Sir  W.  HerscheL  The  othen 
not  having  been  re-observed,  notwithstanding  the  vast  improvement 
which  has  taken  place  in  the  construction  of  telescopes,  and  the 
greatly  multiplied  number  and  increased  activity  and  seal  of  obser- 
vers, must  be  considered,  to  say  the  least,  as  problematical 

Considerable  attention  has  been  devoted  to  this  planet  by  1&. 
Lassell  and  others,  with  the  object  of  removing  the  uncertainty 
which  is  attached  to  the  number  of  satellites  belonging  to  it  The 
two  principal  satellites  of  Sir  W.  Herschel,  the  second  and  iburth, 
are  by  far  the  most  conspicuous,  and  their  distances  and  periods 
have  been  ascertained  with  all  desirable  accuracy  and  certainty. 
Two  inner  satellites  named  Ariel  and  Umbriel  revolving  around 
the  primary  within  the  second  of  Sir  W.  Herschel's,  have  been,  since 
1847,  frequently  observed,  particularly  by  Mr.  Lassell,  at  Malta, 
in  1852,  to  which  place  he  transferred  his  20-feet  reflector;  by 
which  means,  and  in  consequence  of  the  superior  brilliancy  of  the 
sky  and  deamess  of  atmosphere  to  that  to  which  he  was  accustomed 
at  Liverpool,  Mr.  Lassell  was  enabled  to  make  a  connderable  series 
of  measures  of  positions  and  distances  of  the  two  principal  satellites, 
Titania  and  Oberon,  as  well  as  of  the  two  recently  discovered  inner 
satellites,  Ariel  and  Umbriel.  These  names  have  been  suggested 
by  Mr.  Lassell  as  an  appropriate  nomenclature  for  the  four  satellites 
whose  identities  have  been  established. 

Li  addition  to  the  periods  and  distances  given  above,  which  are. 
those  determined  by  Sir  W.  Herschel,  we  insert  also,  in  the 
following  table  the  periods  and  distances  of  the  four  satellites,  of 
the  existence  of  which  there  is  no  doubt. 
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'  The  number  of  satellites  attendiiig  upon  Uranus  must,  therefore, 
be  JMsumed  to  amount  to  fouTy  until  hj  further  improvements  in 
the  construction  of  telescopes,  giving  an  increased  penetrating 
power,  observers  may  be  enabled  to  detect  others,  or  to  confirm 
the  existence  of  some  of  those  which  have  hitherto  been  supposed 
to  form  a  portion  of  the  Uranian  system. 

471.  Jkwomalona  InellnatioB  of  tbelr  ort>ita. — Conlararyto 
the  law  which  prevails  without  any  other  exception  in  the  motions 
of  the  bodies  of  the  solaf  system,  the  orbits  of  the  satellites  of 
Uranus  are  inclined  to  the  plane  of  the  orbit  of  the  planet,  and 
therefore  to  that  of  the  ecliptic,  at  an  angle  of  78°  58',  being  littie 
less  than  a  right  angle,  and  their  motions  in  these  orbits  are  retro- 
grade, that  is  to  say,  their  longitudes  as  seen  from  Uranus  continu-* 
ally  decrease. 

When  the  earth  has  such  a  position  that  the  visual  direction  is 
at  right  angles  to  the  line  of  nodes,  the  angle  under  the  plane  of 
the  orbit  and  the  visual  line  will  be  78^  58' ;  and  in  certain  posi- 
tions of  the  planet  they  will  be  seen,  as  it  were,  in  plan.  Being 
nearly  circular,  the  sateUites  will  in  such  a  position  be  visible 
revolving  round  the  primary  throughout  their  entire  orbits,  the 
projections  not  sensibly  difiering  from  circles. 

472.  Apparent  motton  and  pliaaea  as  aeea  ttwai  IhramM^— * 
The  diurnal  rotation  and  the  direction  of  the  axis  of  the  planet 
being  unascertained,  the  inclination  of  the  orbits  to  the  planet's 
equator  is  consequentiy  unknown*  It  appears,  however,  that  all 
the  orbits  have  the  same  line  of  nodes,  and  are  in  a  common  plane 
or  nearly  so.  Twice  in  each  revolution  of  the  planet  this  plane 
passes  through  the  sun,  when  the  satellites  exhibit  the  same  suc- 
cession of  phases  to  the  planet  as  the  moon  presents  to  the  earth, 
except  so  far  as  they  are  modified  by  the  effects  of  the  diurnal 
paraUax,  which  are  considerable,  especially  in  the  case  of  the 
nearer  satellites. 

Twice  in  each  revolution  of  the  planet,  at  epochs  exactiy  inter- 
mediate between  the  former,  the  line  of  nodes  being  at  right  angles 
to  the  line  joining  the  sun  and  planet,  the  plane  of  the  satellites' 
orbits  is  nearly  perpendicular  to  the  same  line.  In  this  case  the 
satellites  during  their  entire  revolution  suffer  no  other  change  of 
phase  than  what  may  be  produced  by  the  diurnal  parallax,  and 
appear  continually  with  the  same  phases  as  that  which  the  moon 
presents  at  the  quarters. 

In  the  intermediate  position  of  the  planet  a  complicated  variety 
of  phases  wiU  be  presented,  which  may  be  traced  and  analysed 
by  giving  due  attention  to  the  change  of  direction  of  the  line  of 
nodes  of  the  satellites'  orbits  to  the  line  joining  the  planet  with 
the  sun. 
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475.  Kam  mad  densttjr  of  Otaums. — Some  imcertaiDfy  tUHl 
attends  the  detenuination  of  the  elements  of  these  more  distant 
and  lecenUy  disooverM  planets.  The  mass  and  density  of  Uranus 
are  only  proyisionallj  determined.  The  mass  is  assumed  to  be  the 
X4,900th  part  of  that  of  the  snn,  and  the  density  the  sixth  of  Ihst 
of  the  earth.    Some  observers  make  the  mass  considerably  greater. 

rV.  Neftune, 

474.  DtsooreiT  of  Weptime. — The  discovery  of  this  planet 
constitutes  one  of  l^e  most  signal  triumphs  of  mathematical  science, 
and  marks  an  era  which  must  be  for  ever  memorable  in  the  historj 
of  physical  investigation. 

If  the  planets  were  subject  only  to  the  attraction  of  ^e  sun,  they 
would  revolve  in  exact  ellipses,  of  which  the  sun  would  be  the 
conunon  focus ;  but  being  also  subject  to  the  attraction  of  each  other, 
which,  though  incomparably  more  feeble  than  that  of  the  presiding 
central  mass,  produces  sensible  and  measurable  effects,  consequent 
deviations  from  these  elliptic  paths,  called  PEBTTTRBAiroirs,  take 
place.  The  masses  and  relative  motions  of  the  planets  being  known, 
these  disturbances  can  be  ascertained  with  such  accuracy  that  tha 
position  of  any  knovm  planet  at  any  epoch,  past  or  future,  can  be 
determined  with  the  most  surprising  degree  of  precision. 

If,  therefore,  it  should  be  found  that  the  motion  which  a  planet 
is  observed  to  have,  is  not  in  accordance  with  that  which  it  ou^t  to 
have,  subject  to  the  central  attraction  of  the  sun,  and  the  disturbing 
actions  of  the  surroimding  planets,  it  must  be  inferred  that  some 
other  disturbing  attraction  acts  upon  it,  proceeding  from  aa  un- 
discovered cause,  and,  in  this  case,  a  problem  novel  in  its  form  and 
data,  and  beset  with  difficulties  which  might  well  appear 
insuperable,  is  presented  to  the  physical  astronomer.  If  the 
solution  of  the  problem,  to  determine  the  disturbances  produced 
upon  the  orbit  of  a  planet  by  another  planet,  whose  mass  and 
motions  are  knovm,  be  regarded  as  a  stupendous  achievement  in 
physical  and  mathematical  science,  how  much  more  formidable 
must  not  the  convene  question  be  regarded,  in  which  the 
disturbances  are  given  to  find  the  planet  I 

Such  was,  nevertheless,  the  problem  of  which  the  discovery  of 
Neptune  has  been  the  astonishing  solution. 

Although  no  exposition  of  the  actual  process  by  which  this 
great  intdlectual  achievement  has  been  efiected  could  be  compre- 
hended vnthout  the  possession  of  an  amount  of  mathematical 
knowledge  far  exceeding  that  which  is  expected  from  the  readers  of 
treatises  much  les^  elementary  than  the  present  volume,  we  may  noi 
be  altogethei  unsuccessful  in  attempting  to  illustrate  the  principle 
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on  which  an  myestigation,  attended  with  so  surtnriBing  a  result,  has 
been  based,  and  eyen  the  method  upon  which  it  has  been  conducted, 
so  as  to  strip  the  proceeding  of  much  of  that  incomprehensible 
character  which,  in  Ihe  view  of  the  great  mass  of  those  who 
consider  it  without  being  able  to  follow  the  steps  of  the  actual 
investigation,  is  generally  attached  to  it,  and  to  show  at  least  the 
spirit  of  the  reasoning  by  which  the  solution*  of  the  problem  has 
been  acconlpliahed. 

For  this  purpose,  it  will  be  necessary, ./Srs^  to  explain  the  nature 
and  character  of  those  disturbances  which  were  observed,  and  which 
ooold  not  be  ascribed  to  the  attraction  of  any  of  the  known  planets ; 
and,  secondly f  to  show  in  what  manner  an  undiscovered  planet 
revolving  outside  the  known  limits  of  the  solar  system  ooidd 
produce  such  effects. 

47  5.  VBazplained  dlsturlMuieea  ebaerred  la  tlie  motloBa  of 
trimniia. — The  planet  Uranus,  revolving  at  the  extreme  limits  of 
the  solar  system,  was  the  object  in  which  were  observed  those  dis- 
turbances which,  not  being  the  effects  of  the  action  of  any  of  the 
known  planets,  raised  the  question  of  the  possible  existence  of 
another  planet  exterior  to  it,  which  might  produce  them. 

After  the  discovery  of  the  planet  by  Sir  W.  Herschel,  in  1781, 
its  motions,  being  regularly  observed,  supplied  the  data  by  which 
its  elliptic  orbit  was  calculated,  and  the  disturbances  produced  upon 
it  by  the  masses  of  Jupiter  and  Saturn  ascertained,  the  other  planets 
of  the  system,  by  reason  of  their  remoteness,  and  the  comparative 
minuteness  of  their  masses,  not  producing  any  sensible  effects. 
Tables  founded  on  these  results  were  computed,  and  ephemeridea 
constructed,  in  which  the'places  at  which  the  planet  ought  to  be 
found  from  day  to  day  for  the  future,  were  duly  registered. 

The  same  kind  of  OEdculations  which  enable  the  astronomer  thus 
to  predict  the  future  places  of  the  planet,  would,  as  is  evident, 
equally  enable  him  to  ascertain  the  places  which  had  been 
occupied  by  the  planet  in  times  past  By  thus  examining,  re- 
trospectively, the  apparent  course  of  the  planet  over  the  iirmament, 
and  comparing  its  computed  places  at  particular  epochs  vnth  those 
cf  stars  whidi  had  been  observed,  and  which  had  subsequentiy 
disappeared,  it  was  ascertained  that  several  of  these  stars  had  in  fact 
been  Uranus  itself,  whose  planetary  character  had  not  been' 
recogmsed  from  its  appearance,  owing  to  the  imperfection  of  the' 
telescopes  then  in  use,  nor  from  its  apparent  motion,  owing  to  the 
observations  not  having  been  sufficiently  continuous  and  multiplied. 

In  this  way  it  was  ascertained  that  Uranus  had  been  observed, 
and  its  position  recorded  as  a  fixed  star,  six  times  by  Flamsteed  f 
viz.^  coce  in  1690,  once  in  1 7 1 2,  and  four  times  in  171 5; — ODO«r 
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by  Bradley  in  17531  once  by  Mayer  in  17561  and  twdye  times  bj 
Lemonnier  between  1750  and  1771. 

Now,  although  the  observed  podtions  of  these  objects,  combined 
with  their  subseqaent  disappearance,  left  no  doubt  whateror  of 
their  identity  with  the  planet,  their  observed  places  deviated 
sensibly  from  the  places  vdiich  the  planet  ought  to  have  had 
accordmg  to  the  computations  founded  i]q>on  its  motions  after  its 
discovery  in  1 78 1 .  If  these  deviations  could  have  been  shown  to 
be  irregular  and  goTemed  by  no  law,  they  would  be  ascribed  to 
errors  of  observation.  If,  on  the  other  hand,  they  were  found  to 
follow  a  regular  course  of  increase  and  decrease  in  determinate 
directions,  tiiey  would  be  ascribed  to  the  agency  of  scune  on* 
discovered  disturbing  cause,  whose  action  at  the  epochs  of  the 
ancient  observations  was  different  from  ite  action  at  more  recent 
periods. 

The  ancient  observations  were,  however,  too  limited  in  number 
and  too  discontinuous  to  demonstrate  in  a  satisfactory  manner  the 
irregularity  or  the  regularity  of  the  deviation.  Nevertheless,  the 
circumstance  raised  much  doubt  and  misgiving  in  the  mind  of 
Bouvard,  by  whom  the  tables  of  Uranus  were  constructed;  and 
considering  that  these  tables,  in  which  every  correction  for  pertur- 
bation indicated  by  the  best  existing  theories  was  applied,  wers 
based  upon  the  modem  observations,  it  was  anticipated  that  the 
agreement  between  the  observed  and  tabular  places  of  the  planet 
would  continue  for  a  considerable  period  of  time.  When,  on 
examination,  it  was  found  impossible  to  reconcile  the  ancient 
observations  of  Flamsteed,  Lemonnier,  &c.  with  the  orbit  required 
to  satisfy  the  observations  made  after  the  discovery  of  the  planet 
in  1 78 1,  the  difficulties  attending  the  explanation  of  these  irregu- 
larities were  so  great,  that  M.  Bouvard  stated  that  he  would  leave 
to  futurity  the  decision  of  the  question  whether  these  deviations 
were  due  to  errors  of  observation,  or  to  an  undiscovered  distuiinng 
agent  We  shall  presentiy  be  enabled  to  appreciate  the  sagacily 
of  this  reserve. 

The  motions  of  the  planet  continued  to  be  assiduously  observed, 
and  were  found  to  be  in  accordance  with  the  tables  for  about  four- 
teen years  from  the  date  of  the  discoTery  of  the  planet  About  the 
year  1 795,  a  slight  discordance  between  the  tabular  and  observed 
places  began  to  be  manifested,  the  latter  being  a  littie  in  advance 
of  the  former,  so  that  the  observed  longitude  i.  of  the  planet  was 
greater  than  the  tsbular  longitude  1/,  After  this,  from  year  to 
year,  the  advance  of  the  observed  upon  the  tabular  place  increased, 
so  that  the  excess  L— l'  of  the  observed  above  the  tsbular  longitude. 
WAS  conlinually  augmented.  The  increase  of  h-^i/  continued  until 
1822,  when  it  became  stationary,  and  afterwards  began  to  decrease. 
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TUB  decrease  continued  until  about  1830-31,  T^en  the  deviation 
I* — X'  disappeared,  and  tbe  tabular  and  obeerved  longitudes  again 
agiced.  This  accordance,  however,  did  not  long  prevail  The 
planet  soon  began  to  fall  behind  its  tabular  place,  00  that  its 
observed  longitude  L,  which  before  1831  was  greater  than  the 
tabular  longitude  1/,  was  now  less ;  and  the  distance  i/— L  of  the 
observed  behind  the  tabular  place  increased  &om  year  to  year,  andi 
still  increases^  amounting  in  November,  1858;  to  3^  38'^  of  longi- 
tude. 

It  appears,  therefore,  that  in  the  deviations  of  the  planet  from 
its  computed  place,  there  was  nothing  irregular  and  nothing  com- 
patible with  the  supposition  of  any  cause  depending  on  the  acci- 
dental errors  of  observation.  The  deviation,  on  the  contraiy, 
increased  gradually  in  a  certain  direction  to  a  certain  point ;  an^ 
having  attained  a  maximum^  then  began  to  decrease,  which  decrease 
•till  conlinues. 

The  phenomena  must^  therefbre,  be  ascribed  to  the  reg^nlar 
sgency  of  some  undiscovered  disturbing  cause. 

476.  A  plsaet  eztsrior  to  mraans  would  prodttoo  a  Uko 
sflbet. — It  is  not  difficult  to  demonstrate  that  deviations  from  its 
oovnputed  place,  such  as  those  described  above,  would  be  produced 
by  a  planet  revolving  in  an  orbit  having  the  same  or  nearly  the 
same  plane  as  that  of  Uranus,  which  would  be  in  heliocentric  con- 
junction with  that  planet  at  tiie  epoch  at  which  its  advance  beyond 
its  computed  place  attained  its  maTimum. 

liet  A  B  0  D  s  F,  Jig.  76,  represent  the  are  of  the  orbit  of  Uranus^ 
deaeribed  by  the  ]^et  during  the  manifestation  of  the  perturba- 
tions. Let  K  h'  represent  the  orbit  of  the  supposed  undiscovered, 
planet  in  the  same  plane  with  the  orbit  of  Uranus.  Let  a,  b,  c,  d, 
e,  and /be  the  positions  of  the  latter  when  Uranus  Ss  at  the  points 
A,  B,  0,  D,  B,  and  p.  It  is,  therefore,  supposed  that  Uranus  when  at 
D  is  in  heliocentric  conjunction  with  the  supposed  planet,  the 
latter  being  then  at  d. 

The  directions  of  the  orbital  motions  of  the  two  planets  are 
indicated  by  the  arrows  beside  their  paths ;  and  the  directions  of 
tbe  distuibing  forces  *  exercised  by  the  supposed  planet  on  Uranus^ 
are  indicated  by  the  arrows  beside  the  lines  joining  that  planet 
with  Uranus. 

Now,  it  will  be  quite  evident  that  the  attraction  exerted  by  the 
supposed  planet  at  a  on  Uranus  at  A  tends  to  accelerate  the  latter. 
In  like  manner,  the  forces  exerted  by  the  supposed  planet  at  5  and 
e  upon  Uranus  at  B  and  0  tend  to  accelerate  it.    But  as  Uranna 

*  To  thnplify  the  explanatiofit  the  tflbct  of  the  attraetioa  of  Uranus  on  the 
son  is  omitted  in  this  illosUratioii.  ... 
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approaches  to  D  the  direction  of  the  dtstuibing  foice,  hwag  icm 
and  leas  inclined  to  that  of  the  orbital  motion,  has  a  less  and  le« 

accelerating  influence,  and  on 
I  being  in  the  direction  T)  d  wi 
right  angles  to  the  orbital  no- 
tion,  all  acoeleiating  inflowre 
ceases. 

After  passing  d  the  dis- 
turbing force  is  inclined  agumd 
the  motion,  and  instead  of  ac- 
celerating retards  it;  and  as 
Uranus  takes  succeesiyelT  the 
positions  E,  F,  &e.  it  is  more 
and  more  indined,  and  its 
retarding  influence  more  and 
more  increased,  as  will  be  eri- 
p.     .  dent  if  the  directions  of  the 

retarding  force  and  tiie  oibitid 
motion,  as  indicated  by  the  arrows,  be  obserred. 

It  is  then  apparent  that  from  A  to  D  the  disturbing  force  aoode* 
rating  the  orbital  motion,  will  transfer  Uranus  to  a  position  in 
advance  of  that  which  it  would  otherwise  hare  occupied ;  and  after 
passing  D,  the  disturbing  force  retarding  the  planet's  motion  will 
continually  reduce  this  advance,  until  it  bring  back  the  planet  to 
the  place  it  would  have  occupied  had  no  disturbing  force  acted ; 
after  which,  the  retardation  being  still  continued,  the  planet  will 
fall  behind  the  place  it  would  have  had  if  no  disturbing  force  Laid 
acted  upon  it 

Now  it  is  evident  that  these  are  precisely  the  kmd  of  disturbing 
forces  which  act  upon  Uranus ;  and  it  may,  therefore,  be  inferred 
that  the  deviations  of  that  planet  from  its  computed  place  are  tiie 
physical  indications  of  the  presence  of  a  planet  exterior  to  it,  moving 
in  an  orbit  whose  plane  either  coincides  with  that  of  its  own  ortnt, 
or  is  inclined  to  it  at  a  veiy  small  angle,  and  whose  mass  and 
distance  are  such  as  to  give  to  its  attraction  the  degree  of  intenst^ 
necessary  to  produce  the  alternate  acceleration  and  retardation  which 
have  been  observed. 

Since;  however,  the  intensity  of  the  disturbing  force  depends 
conjointly  on  the  quantity  of  the  disturbing  mass  and  its  distance, 
it  is  easy  to  perceive  that  the  same  disturbance  may  arise  from 
different  masses,  provided  that  their  distances  are  so  varied  as  to 
compensate  for  their  different  weights  or  quantities  of  matter.  A 
double  mass  at  a  fourfold  distance  will  exert  precisely  the  same 
attraction.  The  question,  therefordj .  under  tiiis  point  of  view, 
belongs  to  the  class  of  intermediate  problems,  and  admits  of  an 
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infinite  number  of  solutions.  In  other  word^  an  unlimited  yarietj 
of  different  planets  may  be  asugned  exterior  to  the  system,  which 
^vTould  cause  disturbances  observed  in  the  motion  of  Uninusy  so 
nearly  similar  to  those  observed  as  to  be  distinguishable  fiom  them 
only  by  observations  more  extended  and  elaborate,  than  any  to 
"wluch  that  planet  could  possibly  have  been  submitted  since  its  dia- 
coTery. 

477.  Xfoeardies  of  MeMiv.  !#•  Venrler  and  Ad«iBa« — The 
idea  of  taking  these  departures  of  the  observed  from  the  computed 
place  of  Uranus  as  the  data  for  the  solution  of  the  problem  to 
ascertain  the  position  and  motion  of  the  planet  which  could  cause 
such  deviations,  occurred,  nearly  at  the  same  time,  to  two  astrono- 
mers, neither  of  whom  at  that  time  had  attained  either  the  age  or 
the  scientific  standing  which  would  have  raised  the  expectations 
of  achieving  the  most  astonishing  discovery  of  modem  times. 

M.  Le  Yerrier,  itk  Paris,  and  Mr.  J.  C.  Adams,  of  Cambridge, 
engaged  in  the  investigation,  each  vrithout  the  knowledge  of  what 
the  other  waA  doing,  and  b^eving  that  he  stood  alone  in  his  ad- 
venturous and,  as  would  then  have  appeared,  hopeless  attempt. 
Nevertheless,  both  not  only  solved  the  problem,  but  did  so  with  a 
completeness  that  filled  the  world  with  astonishment  and  admira- 
tion, in  which  none  more  ardently  shared  than  those  who,  from  their 
own  attainments,  were  best  qualified  to  appreciate  the  difficulties 
of  the  question. 

The  question,  as  has  been  observed,  belonged  to  the  class  of 
intermediate  problems.  An  infinite  number  of  different  planets 
might  be  assigned  which  would  be  equally  capable  of  producing  the 
observed  disturbances.  The  solution,  therefore,  might  be  theoreti- 
.cally  correct,  but  practically  unsuccesefuL  To  strip  the  question  as 
fax  as  possible  of  this  character,  certain  conditions  were  assumed,  the 
existence  of  which  might  be  regarded  as  in  the  highest  degree  pro- 
ibable.  Thus,  it  was  assumed  that  the  disturbing  planet's  orbit  was 
in  or  nearly  in  the  plane  of  that  of  Uramis,  and  therefore  in  that  of 
the  ecliptic ;  that  its  motion  in  this  orbit  was  in  the  same  direction 
as  that  of  all  the  other  planets  of  the  sjrstem,  that  is,  according  to 
the  order  of  the  signs ;  that  the  ofbit  was  an  ellipse  of  very  small 
exoentridty ;  and  finally  that  its  mean  distance  from  the  sun  was, 
in  accordance  with  the  general  progression  of  distances  noticed  by 
Bode,  nearly  double  the  mean  distance  of  Uranus.  This  last  con- 
dition, combined  with  the  harmonic  law,  gave  the  inquirer  the  ad- 
vantage of  the  knowledge  of  the  period,  and  therefore  of  the  mean 
helioeentric  motion. 

Assuming  all  these  ccmditions  as  provisional  data,  the  problem 
was  reduced  to  the  determination,  at  least  as  a  first  approximation, 
of  the  maiB  of  the  planet  and  its  place  in  its  orbit  at  a  giveii 
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epocli;  such  M  would  be  capable  of  producing  the  observed  alto^ 
Date  acceleration  and  retardation  of  Uranus. 

The  determination  of  the  heliocentric  place  of  the  planet  at  a 
giyen  epoch  would  have  been  materially  fcudlitated  if  the  exact 
time  at  which  the  amount  of  the  advance  (l — i/)  of  Uie  obeerved 
upon  the  tabular  place  of  the  planet  had  attained  its  maximum 
were  known ;  but  thiS;  unfortunately;  did  not  admit  of  being^  as^ 
certained  with  the  necessary  precision.  When  a  raiying  quantily 
attains  its  maximum  state,  and,  after  increasing,  begins  to  diTtiinifth, 
it  is  stationary  for  a  short  interval ;  and  it  is  always  a  matter  of 
difficulty,  and  often  of  much  uncertainty,  to  determine  the  exact 
moment  at  which  the  increase  ceases  and  the  decrease  commencesL 
Although,  therefore,  the  heliocentric  place  of  the  disturbing'  planet 
could  be  nearly  assigned  about  1822,  it  could  not  be  deteimined 
with  the  desired  precision. 

Assuming,  however,  as  nearly  as  was  practicable,  the  longitude 
of  Uranus  at  the  moment  of  heliocentric  conjimction  with  the  dis- 
turbing planet,  this,  combined  with  the  mean  motion  of  the  sought 
planet,  inferred  from  its  period,  would  give  a  rough  approximation 
to  its  place  for  any  given  time. 

478.  Blementa  of  U&e  souclit  planet  aaslcaed  by-  Xbitmib 
VOiimeten.  —  Rough  approximations  were  not,  however,  what 
3iM.  Le  Verrier  and  Adams  sought  They  aimed  at  more  exact 
results;  and,  after  investigations  involving  all  the  resources^ 
and  exhausting  all  the  vast  powers  of  analysis,  these  eminent 
geometers  arrived  independently  at  the  following  elements  of  the 
undiscovered  planet :  — 
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479.  Its  aetaal  tflaeoTer/  bj  Ar.  CkOle  of  Berlin. — Ob 

the  23rd  of  September,  1846,  Dr.  Galle,  one  of  the  astronomen 
of  the  Boyal  Observatory  at  Berlin,  received  a  letter  from  M.  Le 
Veirier,  announcing  to  him  the  principal  results  of  his  calculations, 
informing  him  that  the  longitude  of  tibe  sought  planet  must  then 
be  326%  and  requesting  him  to  look  for  it.  Dr.  GaUe,  assisted  by 
Professor  Encke,  accordingly  did  "  look  for  it,"  and  found  it  that 
'very  night.  It  appeared  as  a  star  of  the  8th  magnitude,  having 
the  longitude  of  326*^  52^,  and  consequently  only  52^  from  the 
f^lace  assigned  by  M.  Le  Yenjer.    The  calculations  of  Mr.  Adams^ 
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reduced  to  the  same  date,  gave  for  its  apparent  place  3  29^  i  g\  being 
2^  27^  from  the  place  where  it  was  actually  found. 

480.  Its  predicted  and  observed  places  In  netw  prosliiiltj'. 

—  To  illustrate  the  relative  proximity  of  these  remarkable  predic- 
tioDA  to  the  actual  observed  place;  let  the  aro  of 
the  edipticy  from  long.  323^  to  long.  330*^,  be  re- 
presented in  Jig,  77.  The  place  assigned  by  M. 
Le  Verrier  fbr  the  sought  planet  is  indicated  by 
the  smaU  circle  at  L,  that  assigned  by  Mr.  Adams 
hj  the  small  circle  at  A;  and  the  place  at  which 
it  'was  actually  found  by  the  dot  at  n.  The 
distances  of  L  and  A  from  N  may  be  appreciated  by 
the  circle  which  is  described  around  the  dot  v,  and 
which  represents  the  apparent  disk  of  the  moon. 

The  distance  of  the  observed  place  of  the  planet 
from  the  place  predicted  by  M.  Le  Verrier  was 
less  than  two  diameters,  and  from  that  predicted 
by  Mr.  Adams  less  than  five  diameters,  of  the 
lunar  disk. 

481.'  Oonrected  elements  of  tlie  planet's 
orHit.  —  In  obtaining  the  elements  given  above, 
Mr.  Adams  based  his  calcxdations  on  the  observa- 
tions of  UranuB  made  up  to  1840,  while  the 
calculations  of  M.  Le  Verrier  were  founded  on 
observations  continued  to  1845.  On  subse- 
quently taking  into  computation  the  five  years 
ending  1845,  ^^*  Adams  concluded  that  the 
mean  distance  of  the  sought  planet  would  be  more  —  i^i^^  77. 
exactly  taken  at  33*33. 

After  the  planet  had  been  actually  discovered,  and  observations 
of  sufficient  continuance  were  made  upon  it,  the  following  was 
found  to  be  its  more  exact  elements,  having  been  computed  by  M. 
Kowalski,  of  Kazan.  These  elements  appear  to  represent  the  orbit 
of  Neptune  sufficiently  well  up  to  the  present  time :  — 


KmatmuttV^toM, 
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Memloogftudeatepoeh           ... 
Meau  dbtanoe  from  iim            ... 
Eccentricity  of  orbit                 ... 
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IncUnation  of  orbit         .          ... 
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elameats  ezpUOiied.  —  Now  it  will  not  fail  to  strike  eYerj  one 
who  devotes  the  least  attention  to  this  interesting  question,  ihat 
considerable  discrepancies  exist,  not  only  between  the  elements 
presented  in  the  two  proposed  solutions  of  this  problem,  Vat 
beliween  the  actual  elements  of  the  discoTered  planet  and  both  a£ 
tliese  solutions.  There  were  not  wanting  some  who,  viewing  theee 
discordances,  did  not  hesitate  to  declare  that  the  disooveiy  of  the 
planet  was  the  result  of  chance,  and  not,  as  was  claimed,  of  mathe- 
matical reasonings  since,  in  fact,  the  planet  discovered  was  not 
identical  with  either  of  the  two  planets  predicted. 

To  draw  such  a  conclusion  from  such  premises,  however,  betrajrs 
a  total  misapprehension  of  the  nature  and  conditions  of  the  problem. 
If  the  problem  had  been  determinate,  and,  consequenUj,  one  whicb 
admits  of  but  one  solution,  then  it  must  have  been  inferred,  either 
that  some  error  had  been  committed  in  the  calculations  which 
caused  the  discordance  between  the  observed  and  computed  ele- 
ments, or  that  the  discovered  planet  was  not  that  which  was  sought, 
and  which  was  the  physical  cause  of  the  observed  disturbances  of 
Uranus.  But  the  problem,  as  has  been  already  explained,  being 
more  or  less  indeterminate,  admits  of  more  than  one, — nay,  of  an 
indefinite  number  of  different  solutions,  so  that  many  different 
planets  might  be  assigned  which  would  equally  produce  the  disturb- 
ances which  had  been  observed ;  and  this  being  so,  the  discordance 
between  the  two  sets  of  predicted  elements,  and  between  both  of 
them  and  the  actual  elements,  are  nothing  more  than  might  have 
been  anticipated,  and  which,  except  by  a  chance  against  which  the 
probabilities  were  millions  to  one,  were,  in  fact,  inevitable. 

So  far  as  depended  on  reasoning,  the  prediction  was  yerified;  so 
far  as  depended  on  chance,  it  failed.  Two  planets  were  assigned, 
both  of  which  lay  within  the  limits  which  fulfilled  the  conditions 
of  the  problem.  Both,  however,  difiered  from  the  true  planet  in 
particulars  which  did  not  affect  the  conditions  of  the  problem. 
All  three  were  circumscribed  within  those  limits,  and  subject  to 
such  conditions  as  would  make  them  produce  those  deviations  or 
disturbances  which  were  observed  in  the  motions  of  Uranusy  and 
which  formed  the  immediate  subject  of  the  problem. 

483.  OamparlsoB  of  tbe  effaets  of  tbe  real  and  prodieleA 
planets.  — It  may  be  satisfactory  to  render  this  still  more  dear, 
by  exhibiting  in  immediate  juxtapomtion  the  motions  of  the 
hypothetical  planets  of  MM.  Le  Verrier  and  Adams  and  the  planet 
actually  discovered,  so  as  to  make  it  apparent  that  any  one  of  the 
three  under  the  supposed  conditions,  would  produce  the  observed 
disturbances.  We  have  accordingly  attempted  this  in^.  7^ 
'whffte  the  orbits  of  Uranus,  of  Neptune,  and  of  the  planets  assignea 
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hy  MM.  Le  Verrier  and  Adams  are  laid  down,  with  the  potitiona 
of  the  planets  lespectiyely  in  them  for  eveiy  fifth  year,  from  1 800 


Fi<.7». 

to  1 845  indnsWely.  This  plan  is,  of  course,  only  roughly  made  • 
but  it  is  sufficiently  exact  for  the  purposes  of  the  present  illustration. 
The  places  of  Uranus  are  marked  hy  Q,  those  of  Neptune  by  Q^ 
those  of  M.  Le  Verrier's  planet  by  0,  and  those  of  Mr.  Adams's 
planet  by  0. 

It  will  be  observed  that  the  distances  of  the  two  planets  assigned 
bj  MM  Le  Verrier  and  Adams,  as  laid  down  in  the  diagram, 
diiffer  less  ftom  the  distance  of  the  planet  Neptune  than  the  mean 
distances  given  in  their  elements  differ  from  the  mean  distance  of 
Neptune.  This  is  explained  by  the  excentricities  of  the  orbit, 
which,  in  the  elements  of  both  astronomers,  are  considerable,  being 
neariy  an  eighth  in  one  and  a  ninth  in  the  other,  and  by  the  posi- 
tions of  the  supposed  planets  in  their  respectiTe  orbits. 

If  the  masses  of  the  three  planets  were  equal,  it  is  dear  that 
the  attraction  with  which  Le  Yerrier's  planet  would  act  upon 
(Jranus,  would  be  less  than  that  of  the  true  planet,  and  that  of 
Adams's  planet  still  more  so,  each  being  less  in  the  same  ratio  as 
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the  squflve  of  its  distance  from  Uranus  is  greater  than  ihmi  of 
Neptune.  But  if  the  planets  are  so  adjusted  that  what  is  lost  hy 
distance  is  gained  hy  the  greater  masses,  this  will  be  equalised,  and 
the  supposed  planet  will  exert  the  same  disturbing  force  as  the 
actual  planet,  so  far  as  relates  to  the  effects  of  variation  of  distance. 
It  is  true  that,  throughout  the  arcs  of  the  orbits  over  which  *&« 
observations  extend,  the  distances  of  the  three  planets  in  simulta- 
neous positions  are  not  everywhere  in  exactly  the  same  ratio^  while 
their  masses  must  necessarily  be  so ;  and,  therefore,  the  relatiTe 
masses,  which  would  produce  perfect  compensation  in  one  poaition, 
would  not  do  so  in  others.  This  cause  of  discrepancy  would  operate, 
however,  under  the  actual  conditions  of  the  problem,  in  a  degree 
altogether  inconsiderable,  if  not  insensible. 

But  another  cause  of  difference  in  the  disturbing  acti<Mi  of  the 
real  and  supposed  planets  would  arise  from  the  fact  that  the  direc- 
tions of  the  disturbing  forces  of  all  the  three  planets  are  differrant, 
as  will  be  apparent  on  inspecting  the  figure,  in  which  the  degree 
of  divergence  of  these  forces  at  each  position  of  the  planets  is  in- 
dicated J  but  it  wiD  be  also  apparent  that  this  divergence  is  so  very 
inconsiderable  that  its  effect  must  be  quite  insensible  in  all  positions 
in  which  Uranus  can  be  seriously  affected.  Thus,  from  1800  to 
1815,  the  divergence  is  very  small.  It  increases  from  1815  to 
1835;  but  it  is  precisely  here,  near  the  epoch  of  heliocentric  con- 
junction, which  took  place  in  1822,  that  fdl  the  three  planets  cease 
to  have  any  direct  effect  in  accelerating  the  motion  of  Uranus. 
When  the  latter  planet  passes  this  point  sufficiently  to  be  sensibly 
retarded  by  the  disturbing  action,  as  is  the  case  after  1835,  the 
divergence  again  becomes  inconsiderable. 

From  these  considerations  it  will  therefore  be  understood,  that 
the  disturbances  of  the  motion  of  Uranus,  so  far  as  these  were 
ascertained  by  observation,  would  be  produced  without  s^Eisible 
difference,  either  by  the  actual  planet  which  has  been  discovered, 
or  by  either  of  the  planets  assigned  by  MM.  Le  Yerrier  and 
Adams,  or  even  by  an  indefinite  number  of  others  which  mi^t 
be  assigned,  either  within  the  path  of  Neptune,  or  between  it  and 
that  of  Adams's  planet,  or,  in  fine,  beyond  this  —  within  certain 
assignable  limits. 

484.  Wo  part  ef  thm  msrlt  of  Oils  dloooroiy  maerflNiMo 
to  oluuieo.  —  That  the  planets  .assigned  by  MM.  Le  Yerrier  and 
Adams  are  not  identical  with  the  phmet  to  the  discovery  of  which 
their  researches  have  conducted  practical  observers  is,  therefore, 
true;  but  it  is  also  true  that»  if  they  or  either  of  them  had  been 
identical  with  it,  such  excessive  amount  of  agreement  would  have 
been  purely  accidental,  and  not  at  all  the  result  of  tiie  sagacil^  of 
the  mathematiciaiL    All  that  human  sagacity  could  do  with  ^ 
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data  presented  hj  observation  was  done.  Among 
an  indefinite  number  of  possible  planets  liable 
of  producing  the  disturbing  action,  two  were  as- 
signed,  both  of  which  were,  for  all  the  purposes 
of  the  inquiry,  so  nearly  coincident  with  the 
real  planet  as  inevitably  and  immediately  to  lead 
to  its  discovery. 

485.  Veriod«  —  After  a  complete  revolution 
of  the  earth,  Neptime  is  found  to  advance  in  its 
course  no  more  than  2^'i  87,  and  consequently  its 
period  is  164*59 1  7^^™- 

486.  Bistanee  from  tl&e  mib. — The  mean 
distance  of  Neptune  from  the  sun  is  30*0370, 
assuming  the  distance  of  the  earth  from  the  sim  * 
to  be  I. 

487.  SolatiTe  orbits  and  dUtanees  of 
Veptnae  aod  tlio  eartti. — It  appears  then  that 
the  system  possesses  another  member  still  more 
remote  from  the  common  centre  of  light,  heat, 
and  attraction.  In^.  79  the  earth^s  orbit  is  re- 
presented at  ee'^'  ;  and  a  part  of  that  of  Neptune, 
on  the  tame  scale,  is  represented  at  N.  The 
actual  distance  of  K  from  8  is  rather  more  than 
thirty  times  that  of  £  from  8.  The  mean  dis- 
tance of  Neptune  fram  the  sun  is,  therefore,  about 
2,746,000,000  miles. 

488.  Apparent  and  real  diameter. — The 
apparent  diameter  of  the  planet,  seen  when  in 
opposition,  is  about  2'''9.  Its  distrtnce  from  the 
earth  being,  then,  2654  millions  of  miles,  and  the 
linear  value  of  i^'  at  this  distance  being  12,867 
miles,  the  actual  diameter  of  the  plauet  will  be 
37,314  miles. 

The  diameter  of  the  planet  is,  therefore,  a 
little  greater  than  that  of  Uranus,  about  half 
that  of  Saturn,  and  about  four  and  a  half  times 
that  of  the  earth. 

According  to  Mr.  Hind,  the  apparent  diameter 
is  only  2^''6,  a  value  which,  he  says,  is  deduced 
from  careful  measurements  made  with  some  of 
the  most  powerful  European  telescopes.  This 
value  would  make  the  diameter  of  Neptune  about 
the  same  as  that  of  Uranus. 

489.  Satellite  of  Veptiuio.— A  satellite  of 
thif  planet  was  discovered  by  ^Ir.  Lassell  in 
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October,  1 846;  and  was  afterwaxda  obsenred  bj  other  astronooias 
both  in  Europe  and  the  United  States.  The  first  obserralaaM 
then  made  raised  some  suspicions  as  to  the  presence  of  another 
satellite  as  well  as  of  a  ring  analogous  to  that  of  Satom.  Not- 
withstanding the  numerous  observers;  and  the  powerful  instnimeotd 
which  have  been  directed  to  the  planet  since  the  date  of  theee 
observations;  nething  has  been  detected  which  has  had  any  ten- 
dency to  confirm  these  suspicions. 

The  existence  of  the  satellite  first  sera  by  Mr.  Lassell  haa^  how- 
ever;  not  only  been  fully  established;  but  its  motion,  and  the 
elements  of  its  orbit;  have  been  ascertained;  first  by  the  observa- 
tions of  M.  Otto  Struve  in  September  and  December;  1 847,  and 
later  and  more  fully  by  those  of  his  late  relative  M.  Auguste  StruTe, 
in  1848-9. 

From  these  observations  it  appears  that  the  distance  of  the 
satellite  from  the  planet  at  its  greatest  elongation  subtends  an 
angle  of  1 8''  at  the  earth ;  and  since  the  diameter  of  t^e  planet  sub- 
tends an  angle  of  2''*8  at  the  same  distance;  it  follows;  therefore, 
that  the  distance  of  the  satellite  fiom  the  centre  of  the  plan^  is 
e^ual  to  thirteen  semi-diameters  of  the  latter. 

The  mean  daily  angular  meliion  of  the  satellite  round  the  centre 
of  the  planet  is,  according  to  the  observations  of  Mr.  Lassell;  made 
at  Malta,  6i®'o866,  and  consequently  the  period  of  the  satellite  is 
5 -.8769  days,  or  5**  21**  2'"7,  a  result  which  is  subject  to  an  exror 
not  exceeding  5  minutes. 

If  the  semi-diameter  of  Neptune  be  1 8,700  mileS;  the  actual 
distance  of  the  satellite  from  the  surface  of  the  planet  is  zz^^^oo 
mileS;  being  a  little  less  than  the  distance  of  the  moon  from  the 
earth's  centre. 

490.  BKam  and  density. — This  discovery  of  a  satellite  has 
supplied  the  means  of  determining  the  mass,  and  therefore  the 
density,  of  the  planet.  Professor  PieroC;  calculating  by  the  prin- 
ciples already  explained^  has  iSsund  that  the  mass  of  Neptune  is  the 
18,780th  part  of  the  mass  <of  ^e  <0un;  and  mnce  its  diameter  is 
about  the  ^5^rd;  and  its  .volume  the  «  3^ooth;  part  of  that  of  the 
sun;  its  density  will  ibe  iibi»ut  two-thirds  that  «f  the  sun,  and  about 
(the  sixth  ^ort  of  the  density  of  the  earth. 

Other  estimates  make  the  mass  difierent  According  to  Professor 
Bond  it  'is  the  1 9400th;  and  according  to  Mr.  Hind,  from  a  discus- 
sion of  Mr.  Lassell's  observations  made  at  Malta,  the  17,500th, 
while  M.  Struve  makes  it  the  1 4,446^1  part  of  the  mass  of  the  sun. 

491.  Apparent  mavnitnds  of  Hie  ran  nt  VeptwM. — The 
apparent  diameter  of  the  sim,  as  seen  from  Neptune,  bdng  30 
times  less  than  from  the  earth,  is  about  6&' ;  the  son,  ther^lore, 
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appears  of  the  same  magnitude  as  Venus  seen  as  a  morning  or 
evening  star. 

The  relative  (^parent  magnitudes  are  exhibited  in^.  80;  at  E 
and  K. 


Fig.  80. 

It  would,  however,  be  a  great  mistake  to  infer  that  the  light  of 
the  sun  at  Neptune  approaches  in  any  degree  to  the  faintness  of 
that  of  Venus  at  the  earth.  If  VenuE),  when  that  planet  appears 
as  a  morning  or  evening  star,  with  the  apparent  diuneter  of  60'^, 
had  a  full  disk  (instead  of  one  halved  or  nearly  so,  like  the  moon 
at  the  quarters),  and  if  the  actual  inteusitj  of  light  on  its  surface 
were  equal  to  tiiat  on  the  surface  of  the  siui,  the  light  of  the  planet 
would  be  exactly  that  of  the  sim  at  Neptune.  But  the  intensity 
of  the  light  which  falls  on  Venus  is  less  than  the  intensity  of  the 
light  on  the  sun's  surfiice,  in  the  nrtdo*  of  the  square  of  Venus'  dis- 
tance to  that  of  the  sun's  semi-dianieter,  upon  the  supposition  that 
the  light  is  propagated  according  to  the  same  law  as  if  it  issued 
from  the  sun's  centre ;  that  is,  as  the  square  of  37  millions  to  the 
square  of  half  a  million  nearly,  or  as  37^  :  },  that  is,  as  5476  to  i . 
If,  therefore,  the  surface  of  Venus  reflected  (which  it  does  not)  all 
the  light  incident  upon  it,  its  apparent  light  at  the  earth  (consider- 
ing that  little  more  than  half  its  illiuninated  surface  is  seen)  is 
about  1 1,000  times  less  than  the  light  of  the  sun  at  Neptune. 

Small,  therefore,  as  is  the  apparent  magnitude  of  the  sun  at 
Neptune,  the  intensity  of  its  daylight  is  probably  not  less  than 
that  which  would  be  produced  by  about  20,000  stars  shining  at 
once  in  the  firmament,  each  being  equal  in  splendour  to  Venus  when 
that  planet  is  brightest. 

Iq  addition  to  these  considerations,  it  must  not  be  forgotten  that 
all  such  estimates  of  the  comparative  efficiency  of  the  illuminating 
and  heating  power  of  the  sun  is  based  upon  the  supposition  that 
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his  light  is  received  under  like  physical  cocditions ;  and  that  i 
conceiyable  modifications  in  the  physical  state  of  the  bodj  w 
medium^  on  or  into  which  the  light  falls,  and  in  the  structore  of 
the  visual  organs  which  it  affects,  may  render  light  of  an  exttemelT 
feeble  intensity  as  efficient  as  much  stronger  light  is  fonnd  to  be 
under  other  conditions. 

492.  Suspeotod  rinr  of  Vefitniie.  —  Messrs.  Lassell  and 
Challis  have  at  times  imagined  that  indications  of  some  such  ap- 
pendage as  a  ring,  seen  nearly  edgewise,  were  perceptible  upon  the 
disk  of  Neptune.  These  conjectures  have  not  yet  received  any 
confirmation.  When  the  declination  of  the  planet  will  have  so 
far  increased  as  to  present  the  ring,  if  such  an  appendage  be  really 
attached  to  the  planet,  at  a  less  oblique  angle  to  the  risual  ray, 
the  question  will  probably  be  decided. 


CHAPTER  XVII. 

luCLirSKS,  TKAKBITS,  A:iD  OCCL'LTATIOXS. 

493.  Intorposltioii  of  oolesttal  objeeta. — The  objects  which 
in  such  countless  numbers  are  scattered  over  the  firmament  b^ng 
at  distances  and  in  positions  infinitely  various,  and  manj  of  ^em 
being  in  motion,  so  that  the  directions  of  lines  drawn  fh>m  one  to 
another  are  constantly  varying,  !t  must  occaaionallj  happen  that 
three  will  come  into  the  same  line,  or  nearly  so.  Such  a  con- 
tingency produces  a  class  of  occasional  astronomical  ph^iomena 
which  are  invested  with  a  high  popular  as  well  as  a  profound 
scientific  interest.  The  rareness  with  which  some  of  them  are 
presented,  their  sudden  and,  to  the  vulgar  nuiss,  unexpected 
appearance,  and  the  singular  phenomena  which  often  attend  them, 
strike  the  popular  mind  with  awe  and  terror.  To  the  astronomer, 
geographer,  and  navigator,  they  subserve  important  uses,  among 
which  the  determination  of  terrestrial  longitudes,  the  more  exact 
estimation  of  the  sun's  distance  from  the  earth  (which  is  the 
standard  and  modulus  of  all  distances  in  the  celestial  spaces),  the 
discovery  of  the  mobility  of  light,  and  the  measure  of  its  velocity, 
hold  foremost  places. 

When  one  of  the  extremes  of  the  series  of  the  three  bodies 
which  thus  assume  a  common  direction  is  the  sun,  the  interme- 
diate body  deprives  the  other  extreme  body,  either  wholly  or 
partially,  of  the  illumination  which  it  habituaUy  receives.  When 
one  of  the  ex^mes  is  the  earth,  the  intennediate  body  intercepts, 
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wholly  or  piurtially,  the  other  extreme  body  from  the  view  of 
observers  situate  at  places  on  the  earth  which  are  in  the  common 
line  of  direction,  and  the  intermediate  body  is  seen  to  pass  across 
the  other  extreme  body  as  it  enters  upon  and  leaves  the  common 
line  of  direction.  The  phenomena  resulting  from  such  contingen- 
dee  of  position  snd  direction  are  variously  denominated  sclipsbs, 
TRAHsns,  and  ooouxiATioirs,  according  to  the  relative  apparent 
magnitudes  of  the  interposing  and  obscured  bodies,  and  according 
to  tiie  circumstances  which  attend  them. 

494.  Cl«neral  oondltloiui  wbloli  detemilas  thm  pbsnomeaa 
of  Interpositloii  wlien  ono  of  tlio  oztroms  objeota  la  tlio 
oortti* — If  the  interposing  and  intercepted  objects  have  disks  of 
sensible  magnitude,  the  effects  attendix^  their  interposition  will 
depend  on  the  magnitude  of  the  diameters 

of   their  disks  and  the  apparant   distance  -  ^^_  /'^ 

between  their  centres.  ^^     V*V  ^ 

Let  ^express  the  apparent  distance  between 

the  centres  of  the  two  disks.    Let  r  be  the  ^^'^^^ 

semi-diameter  of  the  nearer,  and  r'  that  of  ^^^J^ 
the  more  distant  disk. 

495.  Oonditton  of  no  tntorpoallloii. —  ^KT^ 
Bztorsal  oontaet. — If  J>  be  greater  than  ^^L\J^ 
r-^-r'f  as  represented  at  A,  Jig.  81,  the  disks 

must  be  entirely  outside  each  other,  and  con-  ^K\ 

sequently  no   interposition  can  take  place.  ^S^ 

The  nearest  points  of  the  edges  of  the  disks  >^&, 

are,  in  this  case,  at  a  distance  equal  to  the  (flB)^ 

difference  between  D  and  r+K,  tiiat  is,  D—  ^IP^ 

{r'\'r^.    K  D=r  +  r^,  aa  at  B,  the  disks  will  _ 

touch  without  interposition.    This  ia  called  ^^^ 

the  position  of  sxtebkal  contact.  ^^r 

496.  VartlAllaterpoaltloii.  —  If  D  be  less 
than  r + r',  the  nearer  disk  will  be  partially 

interposed,  as  at  c.    In  this  case,  the  greatest  

breadth  of  the  obscured  part  of  the  more  re-  pig.  g,, 
mote  disk  is  (r +r^  —  B.     It  is  evident  that 
the  less  the  distance  B  is,  the  greater  will  be  this  breadth,  and 
the  greater  the  part  obscured. 

497.  XBtenial  oontaot  of  taterposliir  dlak. — If  the  interpos- 
ing disk  be  less  than  the  more  distant,  it  will  reduce  the  latter 
to  a  crescent,  the  points  of  the  horns  of  which  meet,  as  represented 
at  B,  when  B=r— r',  that  is,  when  the  distance  between  the 
centres  is  equal  to  the  difference  of  the  apparent  semi-diameters. 

498.  C^etitrloal  iatorpositloii  of  leaaer  diak. — K  in  the  same 
case  the  centres  coincide,  as  at  B,  the  nearer  dial^  covering  all 
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the  eentnl  portion  of  the  more  distent,  wiU  lee;Te  vneofcre^ 
eroimd  it  a  reguler  ring  or  annvlue  of  yiaiUe  soi&oe,  the  breedlli 
of  which  will  he  the  difierence  r— f^  of  the  semi-diaineten. 

499.  Ctamplete  infi  p— ttt— ■: — If  the  neerer  diak  be  greeter 
thui  the  more  remote,  and  the  diitance  d  between  the  oeatrM  ^be 
not  greater  than  r — K,  the  difference  of  the  eemi-diameterB,  ^ba 
more  remote  disk  will  be  completelj  eorered,  and  will  ocmtiniie  so 
untQ  the  centres  separate  to  a  greater  distance  than  r-^,  as  repre- 
sented at  r  and  e. 

I.  SOLAB  EdJPSBS. 


500.  Solar  eeUpaaa. — The  case  of  the  smi  and  moon  presents 
all  these  yarious  appearances.  The  disks,  though  nesrly  equal,  are 
each  subject  to  a  Tariation  of  magnitude  confined  within  certain 
nanow  limits  as  has  been  already  explained ;  and,  in  consequence, 
the  disk  of  the  moon  is  aometimes  a  little  greater,  and  sometimea 
%  little  less,  than  that  of  the  sibl  Their  centres  more,  as  has  been 
ex^dained,  in  two  apparent  circles  on  the  firmament ;  that  of  the 
sun  in  the  ediptic,  and  that  of  the  moon  in  a  circle  inclined  to  the 
ecliptic  at  a  sinall  angle  of  about  5^  These  circles  intersect  at  two 
opposite  points  of  the  firmament  called  the  moon's  nodes  ( 1 96).  In 
consequence  of  the  very  small  obliquity  of  the  moon's  orbit  to  the 
ediptic,  the  distance  between  theee  paths,  even  at  a  considerable  dis- 
tance at  either  side  of  the  node,  is  necessarily  small  Now,  since 
the  centres  of  the  disks  of  the  sun  and  moon  must  each  of  them  pass 
once  in  each  reyolution  through  each  node,  it  wOl  necessarily 
happen  ftom  time  to  time  that  they  will  be  both  at  the  same 
moment  either  at  the  node  itsd^  or  at  some  points  of  their  respec- 
liye  paths  so  near  it,  that  their  apparent  distance  asunder  will  be 
less  than  the  sum  of  their  apparent  semi-diameters,  and  either  total 
or  partial  interposition  must  take  place,  according  to  the  relative 
magnitudes  of  their  disks,  and  to  ^e  distance  between  the  points 
of  tiieir  respectiTe  paths  at  which  their  centres  are  simultaneously 
found. 

501.  VartlalBotereeltpae«— If  the  apparent  distance  D  between 
1h^  centres  be  less  than  the  sum  (r+f^),  but  greater  than  the  dif- 
ference (r—r^  of  their  apparent  semi-diameters,  a  partial  interposi- 
tion wiU  take  place  (496).  The  greatest  breadth  of  the  obsoired 
parts  of  the  solar  disk  will  in  this  case  be  equal  to  the  difilerenoe 
between  the  sum  of  the  apparent  semi-diameters,  and  the  distance 
between  the  centres  of  the  two  disks,  that  is,  (r+O  ~~  ^' 

502.  3«acBtt«de  of  •eUpsaa  eapressed  bjr  dicits. — If  the 
apparent  diameter  of  the  obscured  object  be  supposed  to  be  divided 
into  twelve  equal  parts,  each  of  these  parts  in  reference  to  eclipses 
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.  w  called  a  digit,  and  the  magnitude  of  an  eclipse  is  expressed  by 
tlie  number  of  digits  contained  in  the  greatest  breadth  of  the  ob- 
scured part  of  the  disk. 

503.  Total  aoUur  •eUpaa. — To  produce  a  total  solar  edipse,  it 
IB  necessary,  ist,  that  the  apparent  diameter  of  the  moon  should 
be  equal  to  or  greater  than  that  of  the  sun,  and,  zdly,  that  the  f^ 
parent  places  d  their  centres  shoald  approach  each  ether  within  a 
distance  not  greater  than  r-^r^f  the  difference  of  their  apparent 
semi-diameters.  When  these  cooditionfr  are  fulfilled,  and  so  long 
as  tiiey  contintie  to  ber  fulfilled,  the  eclipse  will  be  total  (499). 

The  greatest  value  of  the  apparent  semi-diameter  of  the  moon,  r, 
being  1006"^,  and  the  least  value  of  that  of  the  sun,  r',  being  946'^, 
we  ^all  have  r^r'^^  60''. 

The  greatest  possible  duration,  therefore,  of  a  total  solar  eclipse 
-will  be  the  time  necessaiy  for  the  centre  of  the  moon  to  gain  upon 
that  of  tiie  sun  6&'  x  2  ss  1 20^'.  But  since  the  mean  synodic 
motion  of  the  moon  is  at  the  rate  of  3c/'  per  minute,  it  follows 
that  the  duration  of  a  total  solar  eclipse  can  never  exceed  four 
minutes. 

504.  Aanalar  aollpaaa. — When  the  apparent  diameter  of  the 
moon  is  less  than  that  of  the  sun,  its  disk  will  not  cover  that  of 
the  son,  even  when  concentrical  with  it  In  this  case,  a  ring  of 
light  would  be  apparent  round  the  dark  disk  of  the  moon,  the 
breadth  of  which  would  be  equal  to  the  difierence  of  the  apparent 
semi-diameters,  as  represented  at  B,  Ji^.  81.  When  the  disks  are 
not  absolutely  concentoical,  the  ^stance  between  their  centres  being, 
however,  less  than  the  difference  of  their  apparent  semi-diameters, 
the  dark  disk  of  the  moon  will  still  be  wi^in  that  of  the  sun,  and 
will  appear  suitounded  by  a  hmiinoas  annulns,  but  in  this  case  the 
ring  wiU  vary  in  breadth,  the  thinnest  part  being  at  the  point 
nearest  to  the  moon's  centre;  and  when  the  distance  between  the 
centres  is  reduced  to  exact  equality  with  the  difierence  of  the 
apparent  semi-diameter^  the  ring  becomes  a  veiy  thin  crescent, 
the  points  of  the  boms  of  which  umte,  as  represented  at  d,^. 
81. 

The  greatest  breadth  of  the  crescent  wiU  be  in  this  case  equal 
to  the  difference  of  the  apparent  diameters  of  the  stm  and  moon. 

The  greatest  apparent  semi-dkmeter  of  the  son  being  16^  i8'^ 
and  the  least  apparent  ^mi-diameter  of  the  moon  being  14^  44'^, 
the  greatest  possible  breadth  of  the  annulus  when  the  eclipse  is 
centrical  will  be  r— 1^=94^',  wMch  ia  about  the  20th  part  of  the 
mean  apparent  diameter  of  tiie  sun. 

The  greatest  interval  during  which  the  eclipse  can  continue 
annular  is  the  time  necessaiy  for  the  centre  of  the  moon  to  move 
lynodically  over  94'^  x  2=  1 88'',  and,  since  the  mean  synodic  mo- 
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tion  IB  at  the  rate  of  30'^  per  minute;  this  interral  will  be  about 
6*26  minutee. 

505.  Solar  •ollpses  cmxk  onljr  oeonr  at  «r  near  tlia  epodi  •. 
new  moons.  —  This  is  eyident,  because  the  condition  whidi 
limits  the  apparent  distance  between  the  centres  of  the  disks  to 
the  sum  of  the  apparent  semi-diameters^  involyee  the  consequence 
that  this  distance  cannot  much  exceed  ^0%  and  as  the  difierenee 
of  longitudes  must  be  still  less  than  this^  it  follows  that  the 
eclipse  can  onlj  take  place  within  less  than  half  a  d^^ree  in  appa- 
rent distance;  and  wiUiin  less  than  two  hours  of  the  epoc&  of  con- 
junction. 

506.  Bflseta  of  parallax.  —  Since  the  visual  directions  of  the 
centres  of  the  disks  of  the  sun  and  moon  vary  more  or  less  with 
the  position  of  the  observer  upon  the  earth's  sur&ce,  the  conditions 
which  determine  the  occurrence  of  an  eclipse,  and  if  it  occur, 
those  which  determine  its  character  and  magnitude,  are  neces- 
sarilj  different  in  different  parts  of  the  earth.  While  in  some 
places  none  of  the  conditions  are  fulfilled,  and  no  eclipse  occurs,  in 
others  an  eclipse  is  witnessed  which  varies  from  one  place  to 
another  in  its  magnitude;  and  in  some  may  be  total,  while  it  in 
partial  in  others. 

If  the  change  of  position  of  the  observer  upon  the  earth's  sur- 
face affected  the  visual  directions  of  the  centees  of  the  two  disks 
equallj;  which  would  be  the  case  if  they  were  equally  distant^  or 
neariy  so,  no  change  in  the  apparent  distance  between  them  would 
be  produced,  and  in  that  case  the  eclipse  would  have  the  same 
appearance  exactly  to  all  observers  in  every  part  of  the  earth.  But 
the  sun  being  about  400  times  more  distant  than  the  moon,  tiie 
visual  direction  of  the  centre  of  its  disk  is  affected  by  any  differ- 
ence of  position  of  the  observers;  to  an  extent  400  times  less  tium 
that  of  tiie  moon's  centre. 

Let  8,  B;  and  x,^.  82,  represent  sectLons  of  the  sun,  earth, 
and  moon,  made  by  the  plane  which  pssses  through  their  centres. 
Let  a  line  p  m  s  be  drawn,  touchiog  the  sun  and  moon,  but  so  that 
they  shall  lie  on  opposite  sides  of  it.  It  is  evident  that  to  an  ob- 
server at  p,  the  dark  disk  of  the  moon  would  touch  that  of  the  sun 
extemsily,  for  the  apparent  distance  between  the  centres  would 
be  measured  by  the  angle  a  p  M,  which  is  equal  to  the  sum  8  p  «, 
the  apparent  semi-diameter  of  the  suu;  uid  K  p  m  that  of  the 
moon. 

From  the  point » let  lines  be  supposed  to  be  drawn,  touching 
the  earth  at^  and  j/.  It  is  evident  that,  to  an  observer  situate 
between  p  and  j/,  the  apparent  distance  of  the  centres  of  the  moon 
and  Sim  would  be  greater  than  the  sum  of  their  apparent  semi- 
diameters;  and  they  would  therefore  be  separated  at  the  nearest 
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points  of  their  disks  bj  a  space  equal  to  the  excess  of  this  distance 
above  the  sum  of  the  apparent  semi-diameters. 
Adopting  the  signs  already  used,  let  r  ex- 
press the  apparent  semi-diameter  of  the  moon, 
or  nearer  disk,  r^  that  of  the  sun,  or  more  dis- 
tant disk,  and  D  the  apparent  distance  between 
their  centres,  we  shall  have  b  greater  than 
r  -I-  r'  for  every  point  from  P  to  //,  and  the 
excess  will  increase  continually  from  p  to  j/. 

On  the  other  hand,  for  eveiy  point  between 
p  and  p,  B  will  be  less  than  r\-?y  and  the  sun 
will  be  eclipsed,  the  magnitude  of  the  eclipse 
augmenting  gradually  from  P  toj9. 

The  phenomena  vaiying  therefore  indefi- 
nitely with  the  position  of  the  observer  upon 
the  earth,  it  is  necessary,  in  order  to  render 
their  prediction  practicable,  to  select  a  fixed 
position  for  which  they  may  be  calculated, 
formulflB  being  established,  and  tables  pre- 
pared, by  which  the  difierence  between  the 
appearances  there  and  at  any  proposed  place 
may  be  computed.  The  fixed  point  selected 
for  this  purpose  is  the  centre  b  of  the  earth. 

The  angular  distance  between  the  centres 
of  the  disl^  of  the  sun  and  moon,  as  seen  from 
any  place,  such  as  p  for  example,  is  called 
their  apparent  distance  at  that  place,  and  their 
angular  distance,  as  seen  from  the  centre  e  of 
the  earth,  is  called  their  tnte  distance.  Thus, 
8  P  M  is  the  apparent  distance  between  the 
centres  at  P,  and  s  E  M  is  their  true  distance. 

In  the  actual  calculations  necessary  to  sup- 
ply an  exact  prediction  of  the  beginning, 
middle,  the  end,  and  the  magnitude  of  a 
solar  eclipse,  many  particulars  must  be  taken  into  account,  which 
are  not  adapted  to  a  work  such  as  the  present,  but  which  present 
no  other  difficulty  than  such  as  attends  elaborate  arithmetical  com- 
putation. 

$07.  Sliadow  prodnoea  by  an  opaqna  globe.  —  Connected 
with  the  phenomena  of  eclipses  and  transits  are  certain  properties 
of  shadows. 

When  a  luminous  body,  radiating  light  in  all  directions  around 
it,  throws  these  rays  upon  an  opaque  body,  that  body  prevents  a 
portion  of  the  rays  frx)m  penetrating  into  the  space  behind  it. 
That  part  of  the  space  from  which  the  light  is  thus  excluded  by 
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the  interpodtioii  of  tbe  opaque  body,  ia  called  in  astranomy  ^ 
SHADOW  of  that  body. 

The  shape,  magnitude,  and  extent,  of  the  ahadow  of  an  opaqoe 
body  will  depend  partly  on  the  shape  and  magnitude  of  the  opaque 
body  itself^  and  partly  on  that  of  the  body  from  which  the  light 
proceeds. 

508.  gwrn  mad  di— at—  9i  the  abadow.  —  In  the  cases 
wluch  are  actually  presented  in  astronomy,  the  luminous  body 
being  the  sun,  and  ^e  opaque  body  a  planet  or  saitdlite,  both 
are  globes,  and  the  former  of  much  greater  dimensions  than  the 
latter.  It  is  easy  to  show  that  in  such  case  the  shadow  will  be  a 
cone,  projected  to  a  certain  distance  behind  the  omaque  body.  The 
length  of  this  cone,  and  the  angle  formed  at  us  vertex,  may  be 
computed,  when  the  real  diameters  of  tbe  sun  and  the  body  which 
forms  the  shadow,  and  the  distance  of  the  one  from  the  other^  axe 
known. 

509.  Total  aad  partial  solar  aeUpaea  eiplalaad  l»y>  tba 
laaar  aliadow.  —  The  moon  thus  projects  behind  it  a  corneal 
shadow,  the  dimensions  of  which  can  be  ascertained  by  oomputatioo. 
If  when  the  moon  comes  between  the  sun  and  the  earthy  which  it 
must  do  near  conjunction,  if  it  be  not  far  remoyed  frx)m  the  node 
of  its  orbit,  this  shadow  will  be  projected  on  a  part  of  the  hemi- 
sphere of  Ihe  earth  which  is  turned  to  the  sun,  provided  its  length 
be  greater  than  the  moon's  distance,  as  represented  in  Jig.  83.  In 
this  case  the  shadow  will  move  over  certain  points  of  the  surface 
of  the  earth  lying  around  the  point  to  which  its  axis  is  directed. 
The  light  of  the  sun  being  aLt(^;ether  intercepted  within  the  limits 
of  the  shadow,  a  total  eclipse  will  take  place,  the  duration  of  which 
will  be  determined  by  the  limits  and  movement  of  the  shadow  thus 
projected,  which  is  in  effect  the  intersectioD  of  the  conical  diadow 
of  tiie  moon  and  the  earth's  sur&ce. 

To  those  parts  of  the  earth  which  are  outside  tbe  limits  a  a'  of 
the  shadow,  but  within  those  ^^  of  the  penumbra,  a  partial  eclipse 
will  be  exhibited,  the  magnitude  of  which  will  be  so  much  the 
greater  the  nearer  the  place  is  to  the  axis  of  the  shadow.  All  such 
parts  will  be  more  faintly  illuminated  in  proportion  to  the  extent  of 
the  sun's  disk  which  is  obscured. 

510.  Annnlar  aeltpiea  explained  by  aliadaw. — If  the  length 
o^the  shadow  be  less  than  the  moon's  distance  from  the  earth,  the 
vertex  not  reaching  to  the  earthy  no  part  of  the  earth's  surface  can 
be  immersed  in  the  shadow.  In  that  case,  a  centrical  annular 
eclipse  will  be  exhibited  at  those  points  of  the  earth's  surface  to 
which  the  axis  of  the  shadow  is  dirocted.  This  case  is  represented 
in  Jig,  84^  where  /  represents  the  vertex  of  the  moon's  shadow. 
At  all  places  within  the  circle  upon  the  earth,  of  which  aa'  is  the 
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diameter;  there  will  be  an  annular  eclipse;  and  at  the  centre  of  the 
cizcle  the  edipae  will  be  centrical,  the  annulna  being  of  uniform 
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breadth.  Outside  this  drde,  so  fiir  as  the  penumlbra  extends;  the 
eclipse  will  be  partial,  its  magnitude  decreasing  as  the  distance  of 
the  place  from  the  centre  of  the  circle  increases,  until  at  the  limit  of 
the  penumbra  the  phenomenon  ceases  to  be  exhibited. 

511.  Sotar  eeUptle  limita. — The  moon's  orbit  being  inclined  to 
the  ecliptic,  at  an  angle  ef  $^,  and,  consequentlj,  the  distance  of 
the  moon's  centre  frmn  the  ediptio  yarying  in  •each  month  from 
o^  to  5*,  while  the  inteifosition  of  the  moon  between  any  place 
on  the  earth  and  the  sun,  requires  that  the  apparent  distonce  of 
their  centres  should  not  exceed  the  sum  ef  their  apparent  semi- 
diameters,  which  never  much  exceeds  half  a  degree,  it  is  clear 
that  an  eclipse  can  never  happen  except  when,  at  the  time  of 
conjunction,  the  apparent  distance  of  the  moon's  centre  from  the 
ediptic  is  within  that  limit,  a  condition  which  can  only  be  fulfilled 
within  certain  small  distances  of  the  moon's  nodes. 

There  is  a  certain  distance  from  the  moon's  node  beyond  which 
a  solar  eclipse  is  mpombUf  and  a  certain  lesser  distance,  withm 
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which  that  phenomenon  is  inevitable.    These  distances  are  caDed 

the  SOLAB  ECLIPTIC  LIMITS. 

5 1 2.  ApBarancea  attendliir  t^tal  aotar  eoUpsas. — A  satniai 
consequence  of  the  diffusion  of  knowledge  is,  that  while  it  leea^ 
the  vague  sense  of  wonder  with  which  singular  phenomena  ii 
nature  are  beheld,  it  increases  the  feeling  of  admiration  st  tiie 
harmonious  laws,  the  development  of  which  renders  easily  intelligible 
effects  apparently  strange  and  imaccoimtable.  It  may  be  imagined 
what  a  sense  of  astonishment,  and  even  terror,  the  tempomy 
disappearance  of  an  object  like  the  sun  or  moon  must  have  produced 
in  an  age  when  the  causes  of  eclipses  were  known  only  to  th^" 
learned.  Such  phenomena  were  regarded  as  precursors  of  divine 
vengeance.  Histoiy  infonns  us  that  in  ancient  times  armies  have 
been  destroyed  by  the  effects  of  the  consternation  spread  among 
them  by  the  sudden  occurrence  of  an  eclipse  of  the  sim.  Com- 
manders who  happened  to  possess  some  scientific  knowledge  have 
taken  advantage  of  it  to  work  upon  the  credulity  of  those  around 
them  by  menacing  them  with  prodigies,  the  near  approach  of  which 
they  were  well  aware  o^  iUustrating  thus,  in  a  singular  and 
perverted  manner,  the  maxim  that  knowledge  is  power.* 

The  spectacle  presented  by  a  total  eclipse  of  the  sun  is  always  most 
imposing.  The  darkness  is  sometimes  so  intense  as  to  render  the 
brighter  stars  and  planets  visible.  A  sudden  fall  of  temperature 
is  sensible  in  the  air.  Vegetables  and  animals  comport  themselves 
as  they  are  wont  to  do  after  sunset.  Flowers  close,  and  birds  go 
to  roost  Nevertheless,  the  darkness  is  different  from  the  natural 
nocturnal  darkness,  and  is  attended  with  a  certain  indescribable 
unearthly  light  which  throws  upon  surrounding  objects  a  faint  hue, 
sometimes  reddish,  and  sometimes  cadaverously  green. 

Many  interesting  narratives  have  been  publi^ed  by  scientiffc  ob- 
servers, who  have  been  so  fortunate  as  to  witness  these  phenomena. 

513.  BAily'a  beada. — When  the  disk  of  the  moon,  advancing 
over  that  of  the  sun,  has  reduced  the  latter  to  a  thin  creecent,  it 
WAS  observed  by  Mr.  Francis  Baily,  in  the  solar  eclipses  of  1 836 
and  1 842,  that  immediately  before  the  beginningi  or  after  the  eod 
of  complete  obscuration,  the  crescent  appeared  as  a  band  of  brilliant 
points  separated  by  dark  spaces,  so  as  to  give  to  it  the  appearance 
of  a  string  of  brilliant  <*  beads.''  The  phenomenon,  whidi  has 
since  been  frequently  re-observed^  thence  acquired  the  name  of 
Baud's  beads. 


*  Colambns  is  said  to  have  availed  himself  of  his  acquaintance  with 
practical  aat-ronomy  to  predict  a  totar  edipse*  and  need  the  predktiea  ai  a 
means  of  eetablithing  his  aathority  over  the  crews  of  his  veaads,  wIm  Aawrf 
iodicationa  of  mutinooa  disobedience. 
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Fig.  85. 


Fig.  86. 


Further  observatioii  showed,  that  before  the  formation  of  the 
''beads"  the  homs  of  the  crescent  were  sometimes  interrupted  and 
Inoken  by  black  streaks  thrown  acroas  them. 
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These  phenomena  are  roughly  sketched  inJSffi,  85  and  86. 

I^s,  87  to  90  are  taken  from  the  original  sketches  of  Mr.  Bdhr, 
representing  the  progressiye  disappearance  of  the  beads  after  the 
termination  of  the  complete  obsciuation. 

514.  Vrodnoed  bjr  liismr  mguatalwa  projeeted  on  tlie  wmae§ 


Fig.«7. 


Ftg.SS. 


Wg.  89. 


Fig.  90. 


dlak. — These  phenomena  arise  from  the  projection  of  the  edge  of 
the  moon*s  disk^  serrated  by  numerous  inequalitiee  of  the  sui&oe, 
approaching  so  close  to  the  external  edge  of  the  sun's  disk,  that  the 
points  of  the  projections  extend  to  die  latter,  while  tiie  inter- 
mediate spaces  remain  uncoyered.  This  may  be  yeiy  appropri- 
ately illustrated  by  laying  the  blade  of  a  circular  saw,  haying  finely 
cut  teeth,  oyer  a  white  circle  of  nearly  equal  diameter  upon  a  black 
ground.  The  white  parts  between  the  teeth  wiU  appear  like  a 
necklace  of  white  pearls. 
The  fixtt,  that  in  some  cases  the  beads  hare  not  been  soen,  orlf 
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TOTAL  SOLAR  ECLIPSE  OP  1851. 
Teleaeopie  view*  of  the  roao^oolourvd  vnuuiatlaiu. 


1.  Aitrononicr  RoyaL 

2,  Mr.  Cray. 


3.  Mr.  Sttphrnion. 

4.  Mr.  LmwII. 


5.  Mr.  Hind. 

6.  Mr.  DftWM. 
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seen,  appeared  in  a  less  conspicuous  manner,  may  be  explained  by* 
the  greater  or  less  prevalence^f  mountainous  masses,  on  that  part 
of  thd  moon's  surface  which  forms  the  edge  of  its  disk  at  different 
times. 

The  beads,  in  general,  disappear  suddenly,  at  the  moment  of  the 
commencement  of  tital  obscuration,  and  reappear  on  the  other  side 
of  the  lunar  disk,  with  a  somewhat  startling,  instantaneous  effect, 
at  the  moment  the  total  obscuration  ceases. 

515.  rUune-lllLe  protaberanoes. — ^Immediately  after  the  com- 
mencement of  the  total  obscuration,  red  protuberances,  resembling 
flames,  appear  to  issue  from  the  edge  of  the  moon's  disk.  These 
appearances,  which  were  first  noticed  by  Yassenius,  on  the  occasion 
ofthe  total  solar  eclipse  which  was  visible  at  Gottenberg  on  the  3rd 
of  May,'  1733,  have  been  re-observed  on  the  occurrence  of  every  total 
solar  eclipse  which  has  taken  place  since  that  time,  and  constitute 
one  of  the  most  curious  and  imeresting  effects  attending  this  class 
of  phenomena. 

516.  Solar  e^Oipae  of  1881, — A  total  eclipse  of  the  sun  took 
place  on  the  28th  of  July,  1 8  5 1 ,  which  became  a  subject  of  system- 
atic observation  by  the  most  eminent  astronomers  of  the  present 
day.  A  considerable  nimiber  of  English  observers,  aided  by  several 
foreigners,  distributed  themselves  in  parties  at  different  points  along 
the  path  of  the  shadow,  so  that  the  chances  of  the  impediments 
that  might  arise  firom  unfavourable  conditions  of  the  atmosphere, 
might  be  dimimshed.  The  reports  and  drawings  of  these  Tarious 
observers  have  been  presented  to  the  Koyal  Astronomical  Society,' 
and  published  in  their  Transadions,  A  detailed  description  of  the 
phenomena  observed  on  this  occasion,  together  with  a  few  of  those 
witnessed  during  the  recent  solar  eclipse  of  the  1 8th  of  July, 
1 860,  will  give  to  the  reader  a  sufficient  illustration  of  the  nu-: 
merous  peculiarities  which  are  only  visible  when  the  sun  is  totally 
eclipsed.  It  is  not  necessary,  therefore,  to  enter  into  any  detaU 
respecting  observations  of  preceding  eclipses. 

The  Astronomer  Royal,  with  two  assistants,  Messrs.  Punkin  and. 
Humphreys,  authorised  by  the  iBoard  of  Admiralty,  selected  certain 
parts  of  Norway  and  Sweden  as  the  most  eligible  stations.  Pro- 
fessor Aiiy  observed  at  Gottenberg,  Sweden,  Mr.  Dunkin  at 
Christiania,  Norway,  and  Mr.  Humphreys  at  Christianstadt,  in  the 
south  of  Sweden. 

517.  Observatloiia  of  «be  Astronomer  Bojal. — The  weather 
on  the  whole  proved  favourable  at  Gottenberg.  We  take  from  the 
report  of  the  Astronomer  Royal  the  following  highly  interestuig 
pwrticulars  of  the  progress  of  ^e  phenomenon. 

**  The  approach  of  the  totality  was  accompanied  with  that  indescribably 
myBteriona  and  gloomy  appearance  of  the  whole  sorronnding  prospect  which 
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I  hATB  Man  on  a  former  occasion.  A  patch  of  daar  bias  sky  in  the 
became  purple-black  while  I  waa  gazing  at  it  I  took  off  the  higher  ] 
with  which  I  had  acruUniMd  the  son/ and  put  on  the  lowest 
(magnif3ring  about  34  times).  With  this  I  saw  the  moontains  of  the  1 
perfectly  well.  I  watched  carefully  the  approach  of  the  moon 's  limb  to  the 
8ttn*s  limb,  which  my  graduated  dark  glass  enabled  me  to  see  in  great 
perfection ;  I  saw  both  limbs  perfectly  well  defined  t^tbe  last,  and  saw  the 
line  becoming  narrower  and  the  cusps  becoming  sharper  without  any  dis- 
tortion or  prolongation  of  the  limbs.  I  saw  the  moon*s  serrated  limb  adTmme 
up  to  the  sun's,  and  the  light  of  the  sun  glimmering  through  the  hoUowv 
between  the  mountain  peaks,  and  saw  these  glimmering  spots  extiDgnished 
one  after  another  in  extremely  rapid  succession,  but  without  any  of  the 
appearances  which  Mr.  Baily  has  described.  I  saw  the  sun  covered,  and 
immediately  slipping  off  the  dark  glass,  nutantl^  saw  the  appearances  re- 
presented at  a  6  c  dtjig.  i.  PL  XXIL 

"  Before  alluding  more  minutely  to  these,  I  must  adrert  to  the  derknem 
I  have  no  means  of  ascertaining  whether  the  darkness  really  was  greater  in  the 
eclipse  of  1842 ;  I  am  inclined  to  think  that  in  the  wonderful,  and  I  mer  a^ 
appalling,  obscurity,  I  saw  the  grey  granite  hills  within  sight  of  Hvalas  nnoce 
distinctly  than  the  darker  country  surrounding  the  Superga,  near  Turin.  Bat 
whether  because  in  1851  the  sky  was  much  less  clouded  than  in  1842  (so  that 
the  transition  was  from  a  more  luminous  state  of  sky  to  a  darkness  neerij 
equal  in  both  cases),  or  from  whatever  cause,  the  suddenness  of  the  dmrkness 
in  1851  appeared  to  me  much  more  striking  than  in  1841.  My  fHenda  who 
were  on  the  upper  rock,  to  which  the  path  was  very  good,  had  great  difficaltr 
in  descending.  A  candle  had  been  lighted  in  a  lantern  about  a  quarter  of  an 
hour  before  the  totality ;  Mr.  Hasselgren  was  unable  to  read  the  minutes  oC  the 
chronometer-face  without  having  the  lantern  held  close  to  the  chronometer. 

**The  corona  was  far  broader  than  that  which  I  saw  in  1842;  rooghly 
speaking,  its  breadth  was  little  less  than  the  moon's  diameter ;  but  its  out- 
line was  very  irregular.  I  did  not  remark  any  beams  projecting  fh>m  it 
which  deserved  notice  as  much  more  conspicuous  than  the  others ;  bat  the 
whole  was  beamy,  radiated  in  structure,  and  terminated  (though  very  hi* 
definitely)  in  a  way  which  reminded  me  of  the  ornament  frequently  pieced 
round  a  mariner's  compass.  Its  colour  was  white,  or  resembling  thet  of 
FcMMs.  I  saw  no  flickering  or  unsteadiness  of  light  It  was  not  separated 
from  the  moon  by  any  dark  ring,  nor  had  it  any  annular  structure ;  it  looked 
like  a  radiating  luminous  cloud  behind  the  moon. 

**  The  form  of  the  prominences  was  most  remarkable.  That  which  I  have 
marked  (a)  reminded  me  of  a  bomerang.  Its  colour  for  at  least  two-thirds 
of  its  breadth,  f^m  the  convexity  towards  the  concavity,  was  fhU  lake-red, 
the  remainder  was  nearly  white.  The  most  brilliant  part  of  it  was  the  swell 
farthest  from  the  moon's  limb ;  this  was  distinctly  seen  by  my  fViends  and 
myself  with  the  naked  eye.  I  did  not  measure  its  height;  but  judging 
generally  by  its  proportion  to  the  moon's  diameter,  it  must  have  been  3'. 
This  estimation  perhaps  belongs  to  a  later  period  of  the  eclipse.  The  pro- 
minence (6)  was  a  pale  white  semicircle  based  on  the  moon's  limb.  That 
marked  (e)  was  a  red  detached  cloud,  or  balloon,  of  neariy  drcular  fbnn, 
separated  fhmi  the  moon's  limb  by  a  space  (differing  in  no  way  tnm  the 
rest  of  the  corona)  of  neariy  its  own  breadth.  That  marked  (<f)  was  a 
small  triangular  or  conical  red  mountain,  perhaps  a  little  white  in  the 
interior.  These  were  the  appearances  seen  instantly  after  the  formalioB 
of  the  totality. 
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*  I  employed  mireelf  in  an  attempt  to  delineate  ronghly  the  appearances  on 
the  western  limb,  and  I  took  a  hasty  view  of  the  ooontry;  and  I  then  ex- 
amined the  moon  a  second  time.  I  belieTe  (bat  I  did  not  carefoUy  remark) 
that  the  prominences  abe  had  increased  in  height ;  but  {d)  had  now  dis- 
appeared, and  a  new  one  (e)  had  risen  up.  It  was  impossible  to  see  this 
change  without  feeling  the  conviction  that  the  prominences  belonged  to  the 
•on  and  not  to  the  moon. 

**  I  again  looked  round,  when  I  saw  a  scene  of  unexpected  beauty.  The 
•onthem  part  of  the  sky,  as  I  have  said,  was  covered  with  uniform  white 
cloud;  but  in  the  northern  part  were  detached  douds  upon  a  ground  of 
clear  sky.  This  clear  sky  was  now  strongly  illuminated,  to  the  height  of  jgP 
or  35^,  and  through  almost  90^  of  azimuth,  with  rosy  red  light  shining  through 
the  intervals  between  the  clouds.  I  went  to  the  telescope,  with  the  hope 
that  I  might  be  able  to  make  the  polarisation-observations,  (which,  as  my 
apparatus  was  ready  to  my  grasp,  might  have  been  done  in  three  or  ibur 
aeconds),  when  I  saw  that  the  Mierrot  or  rugged  line  of  projections,  shown  at 
(y),  had  arisen.  This  mrrawas  more  brilliant  than  the  other  prominences, 
and  its  colour  was  nearly  scarlet  The  other  prominences  had  perhaps 
increased  in  height,  but  no  additional  new  ones  had  arisen.  The  appearance 
of  this  surra,  nearly  in  the  place  where  I  expected  the  appearance  of  the 
sun,  warned  me  that  I  ought  not  now  to  attempt  any  other  physical  observa- 
tion. In  a  short  time  the  white  sun  burst  forth,  and  the  corona  and  every 
prominence  vanished. 

**  I  withdrew  from  the  telescope  and  looked  round.  The  country  seemed, 
though  rapidly,  yet  half  unwillingly,  to  be  recovering  its  usual  cheerfulness. 
ICy  eye,  however,  was  caught  by  a  duskiness  in  the  south-east,  and  I  im- 
mediately perceived  that  it  was  the  eclipsO'shadow  in  the  air  travelling  away 
hi  the  direction  of  the  shadow's  path.  For  at  least  six  seconds  this  shadow 
remained  in  sight,  far  more  conspicuous  to  the  eye  than  I  had  anticipated.'* 

5 1 8.  Obaerratloiia  of  Mr.  HimklB  mt  ObrlstUuila«  VorwajTf 
mad  of  Mr.  Knmptarojrs  at  Chrtatlaiiitadt,  Swedoiu  — Owing 
to  the  un£ftyourable  state  of  the  atmoBphere;  the  observations  of 
the  other  members  of  the  Admiralty  party  were  not  so  satisfac- 
toiy  as  those  of  its  chief.  Nevertheless,  both  obsenrers  saw  the  red 
prominences,  though  imperfectly,  as  compared  with  the  results  of 
the  observations  of  the  Astronomer  RoyaL  Baily's  beads  were  seen 
by  Mr.  Dunkin,  as  well  before  as  after  the  total  obscuration.  That 
obtenrer  states  that — 

**  About  15  seconds  before  the  beginning  of  total  darkness,  the  narrow  line 
of  the  sun  broke  up  into  numerous  small  particles  or  beads  of  light  They 
were  of  different  sixes,  some  being  merely  points,  while  others  appeared 
elongated ;  their  appearance  was  of  intense  brilliancy,  and  the  only  thing 
with  which  I  can  compare  it,  is  a  necklace  of  diamonds.  The  effect  on  the 
nfaid  at  their  formation  was  quite  overpowering.  I  was  unprepared  for  to 
magnificent  a  sight. 

**  At  the  re-appearance  of  the  sun,  the  same  general  appearance  of  the 
phenomenon  of  Baily's  beads  was  exhibited,  but  the  effect  on  the  imagina- 
tion was  not  so  striking,  though  the  brilliancy  of  the  beads  seemed  equal  ta 
those  noticed  at  the  oommancement  of  the  toUlity. 
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**  Three  red  protuberances  were  seen ;  the  first  was  at  an  angle  of  45^  finom 
the  vertex,  on  the  western  limb  of  the  moon,  the  second  at  80P,  and  the 
third  at  ixoP.  The  last-mentioned  was  most  curiously  formed,  having 
something  of  a  homed  shape,  curved  in  the  direction  of  the  lower  limb  of  the 
moon.  Its  height  was  about  i'  30",  and  its  breadth  at  the  base,  30".  This 
prominence  was  most  remarkable  from  its  curved  or  hooked  appearance,  and 
during  the  interval  in  which  I  witnessed  it,  no  change  took  place  in  its 
form.  Its  colour  was  pink,  or  rose,  but  the  shade  was  not  very  deep.  The 
other  two  prominences  were  similar  to  each  other  in  size,  their  height  bein^ 
about  40'',  and  their  breadth  at  the  base,  30'',  each  tapering  to  a  point  at  the 
apex ;  these  prominences,  like  the  preceding,  remained  at  the  same  altitude 
daring  the  last  minute  of  total  darkness.  On  the  appearance  of  the  first 
direct  raj  of  light  from  the  solar  disk,  the  protuberances  became  invisible, 
no  trace  of  them  being  perceived  after  the  formation  of  the  beads  on  the  re- 
appearance of  the  sun." 

With  regard  to  the  general  darkness  at  the  time  of  totality,  Mr. 
DunMn  remarks-— 

**  The  darkness  was  not  exactly  similar  to  that  of  night,  the  outlines  of 
mountains  at  a  distance  of  at  least  fifteen  miles  being  faintly  visible ;  but 
yet  I  found  it  difficult  to  read  the  title-page  of  a  book  ten  or  twelve  inches 
fh>m  the  eye.  Immediately  below  me  was  the  Fiord,  dotted  with  its  numerous 
islands.  Over  this  mixture  of  land  and  water  the  effect  of  the  darkness  was 
very  peculiar,  the  water  having  the  colour  of  deep  purple,  and  the  islands  a 
dusky  yellow.  From  my  position,  every  part  of  the  visible  sky  was  covered 
with  cloud,  but  the  density  in  difierent  parts  was  unequal ;  this  had  the 
efiect  of  making  some  portions  of  the  heavens  terribly  black,  while  others 
were  comparatively  bright.  The  efl^  of  this  great  contrast  was  not  easily 
forgotten." 

At  Christianstadty  the  planets  Venus,  Mercury,  and  Jupiter, 
and  the  stars  Arcturus,  and  Vega,  were  visible  during  the  totality 
of  the  eclipse. 

519.  Observatloiwof  Mr.  Oray,  at  Tone,  near  Sarpsborr* 
Vorway.  —  This  gentleman  also  saw  Baily's  beads,  both  before 
and  after  the  total  obscuration.  He  saw  four  of  the  red  projections, 
three  of  which  are  represented  in  Jig,  2.  Plate  XXII.,  the  fourth 
resembling  c  and  d  in  form,  and  diametrically  opposite  to  a  in 
position  on  the  moon's  limb.  The  apparent  height  of  a  was 
estimated  at  l  J',  and  its  breadth  62'',  but  the  altitude  of  this 
afterwards  increased  to  i  \\  There  was  a  dark  shade  in  the  curved 
portion,  which  gave  it  a  resemblance  to  a  gas  flame.  The  remainder, 
however,  was  rose-red,  not  uniform,  and  veiy  pale,  like  the  innermost 
parts  of  the  petals  of  a  rose.  The  red  prominence  opposite  to  a  had 
an  apparent  altitude  of  1 ',  and  a  deeper  red  colour.  The  prominences 
c  and  d  were  estimated  at  about  50''  in  size. 

During  the  totality,  the  light  seemed  like  that  of  an  eveniiigin 
August  in  latitude  59"^,  at  an  hour  and  a  half  after  sunset 

520.  Obs6rwatloiwoflIeMn.8taplieiisoii  and  Andrews  at 
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VredrioliLSTMtfB,  Vorway.  — Baily's  beads  were  seen  both  before 
and  after  the  total  obscuration.  The  crescent,  before  disappearing, 
'wtis  seen  as  a  fine  thread  of  light,  which  broke  up  into  fragment, 
and  T<rhen  it  re-appeared,  it  gave  the  idea  of  globules  of  mercury 
ruahing  amongst  each  other  along  the  edge  of  the  moon.  In  a 
second  or  two  after  the  disappearance  of  the  crescent,  a  rose-coloured 
flame  shot  out  horn,  the  limb  of  the  moon,  which  in  form  resembled 
a  sickle,  aeejig.  3.  It  increased  rapidly,  and  then  two  other  rose- 
coloured  prominences,  aboTe  and  below  it,  started  out,  differing  in 
shape,  but  evidently  of  the  same  character.  Besides  these,  there 
"were,  as  well  between  them  as  elsewhere,  around  the  moon's  edge, 
other  lurid  points  and  other  indistinct  lines.  The  height  of  the 
principal  prominence  was  estimated  at  about  the  twentieth  of 
the  moon's  diameter,  that  is,  about  i}^  The  chief  prominences 
looked  like  burning  volcanoes,  and  the  lurid  points  and  lines 
reminded  the  observers  of  dull  streams  of  cooling  lava. 

521.  Obsenrattons  of  Mr.  IbasseU  at  TrollliiLttan  ValU, 
Sweden. — Having  heard  the  red  prominences  seen  in  former 
total  ecUpses  described  as  faint  appearances,  the  astonishment  of 
the  observer  may  be  imagined  when  he  saw  around  the  dark  disk 
of  the  moon,  after  the  commencement  of  total  obscuration,  promi- 
nences of  the  most  brilliant  lake  colour,  —  a  splendid  pink,  quite 
defined  and  hard,^.  4.  They  appeared  not  to  be  absolutely 
quiescent  The  observer  judged  from  their  appearance  that  they 
belonged  to  the  sun,  and  not  to  the  moon. 

522.  Observattons  of  Kr.  Bind  and  Mr.  Bawes  at 
BsBirelsberr,  near  Bnir«U>olniv  Sweden.  —  fiaUy's  beads  were 
seen,  both  before  and  after  the  total  obscuration,  in  such  a  manner 
as  to  leave  no  doubt  of  their  cause  being  that  already  explained. 
In  five  seconds  after  the  commencement  of  the  total  obscuration, 
the  corona  or  glory  around  the  moon's  disk  was  seen.  Its  coloiir 
seemed  to  be  that  of  tarnished  silver,  brightest  next  the  moon's 
limb,  and  gradually  fadiag  to  a  distance  equal  to  one-third  of  her 
diameter,  where  it  became  confounded  with  the  general  tint  of  the 
heavens.  Appearances  of  radiation  are  mentioned,  similar  to  those 
described  by  Professor  Aiiy :  — 

**  On  first  viewing  the  san,"  says  Mr.  Hind, "  without  the  dark  glass  after 
the  commencement  of  totality,  three  rose-colomred  prominences  immediately 
caaght  my  eye,  and  others  were  seen  a  few  seconds  later,  (Jig,  5).  The 
largest  and  most  remarkable  of  them  was  situate  about  5^  north  of  the 
parallel  of  declination,  on  the  western  limb  of  the  moon ;  it  was  straight 
through  two -thirds  of  its  length,  but  curved  like  a  sabre  near  the  extremity, 
the  concave  edge  being  towards  the  horizon.  The  edges  were  of  a  full  rose 
pink,  the  central  parts  paler,  though  still  pink. 

**  Twenty  seconds,  or  thereabouts,  after  the  disappearance  of  the  sun,  I 
estimated  its  length  at  45''  of  arc,  and  on  attentively  watching  it  towards  the 
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end  of  totality,  I  Mtw  it  materially  lengthened,  (probably  to  «  >,  the  i 
having  apparently  left  more  and  more  of  it  viaible  as  she  trarelled  acrooi  the 
sun.  It  was  always  curved,  and  I  did  not  remark  any  change  of  form  nor 
the  slightest  motion  daring  the  time  the  snn  was  hidden.  I  saw  this  extra- 
ordinainr  prominence  fowr  $ec<md$  afler  the  end  oftotaUtif,  but  at  this  time  it 
appeared  detached  tnm  the  son's  limb,  the  strong  white  light  of  the  oorosm 
intervening  between  the  limb  and  the  base  of  the  prominence. 

**  About  loP  south  of  the  above  object  I  saw,  during  the  totality,  a  detached 
triangular  spot  of  the  same  rose  colour,  suspended,  as  it  were,  in  the  light  of 
the  corona,  which  gradually  receded  from  the  moon's  dark  limb,  aa  she 
moved  onwards,  and  was,  therefore,  clearly  connected  with  the  san.  Its 
form  and  position,  with  respect  to  the  large  prominence,  continued  exactly 
the  same  so  long  as  I  observed  it  On  the  south  limb  of  the  moon  appcered 
a  long  range  of  rose-coloured  flames,  which  seemed  to  be  afiected  with  a 
tremulous  motion,  though  not  to  any  great  extent 

**  The  bright  rose-red  of  the  tops  of  these  projections  gradually  faded  towards 
their  bases,  and  along  the  moon*s  limb  appeared  a  bright  narrow  line  of  a 
deep  violet  tint ;  not  far  from  the  western  extremity  of  this  long  range  of 
red  flames  was  an  isolated  prominence,  about  40''  in  altitude,  and  another  of 
similar  size  and  form,  at  an  angle  of  145^  from  the  north  towards  the  east 
The  moon  was  decidedly  reddish- purple  at  the  beginning  of  totality,  but 
the  reddish  tinge  disappeared  before  its  termination,  and  the  disk  assnnoed  a 
dull  purple  colour.  A  bright  glow,  like  that  of  twilight,  indicated  the  position 
where  the  sun  was  about  to  emerge,  and  three  or  four  seconds  later  the  beads 
again  formed,  this  time  instantaneously,  but  less  numerous,  and  even  more 
irregular,  than  before.  In  five  seconds  more  the  sun  reappeared  as  a  veij 
fine  crescent  on  the  sadden  extinction  of  the  beads." 

Mr.  Dawes  observed  the  beads^  and  found  all  the  circmnstancofi 
attending  their  appearance  such  as  to  leave  no  doubt  as  to  the 
truth  of  the  cause  generally  assigned  to  thenL  He  observed  the 
corona,  a  few  seconds  after  the  commencement  of  the  totality,  and 
estimated  its  extreme  breadth  at  half  the  moon^s  diameter,  the 
brightness  being  greatest  near  the  moon's  limb,  and  gradually 
decreasing  outwards.  The  phenomena  of  the  red  protuberances, 
witnessed  by  Mr.  Dawes,  are  so  clearly  and  satisfactorily  described 
by  him,  that  we  think  it  best  here  to  give  the  account  of  them  in 
his  own  words :  — 

*<  Throughout  the  whole  of  the  quadrant,  fhHn  north  to  east,  there  was  no 
visible  protuberance,  the  corona  being  uniform  and  uninterrupted.  Between 
the  east  and  south  points,  and  at  an  angle  of  about  ixs^'  from  the  north 
point,  appeared  a  large  red  prominence  of  a  very  regular  conical  form,  Ji§, 
6.  When  first  seen  it  might  be  about  i|'  in  altitude  from  the  edge  of  the 
moon,  but  its  length  diminished  as  the  moon  advanced. 

**  The  position  of  this  protuberance  may  be  inaccurate  to  a  few  degiess, 
being  more  hastily  noticed  than  the  others.  It  was  of  a  deep  rose  ooioarv 
and  rather  paler  near  the  middle  than  at  the  edges. 

**  Proceeding  southward,  at  about  145^  firom  the  north  point  commenced  a 
low  ridge  of  red  prominences,  resembling  in  outline  the  tops  of  a  very 
irregular  range  of  hills.     The  highest  of  these  probably  did  not  exceed  40'' 
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Xhis  ridge  extended  through  50P  or  55^,  and  reached,  therefore,  to  ahoat 
X97^  from  the  north  point,  its  base  being  throughout  formed  hj  the  sharplj- 
defined  edge  of  the  moon.  The  irregularities  at  the  top  of  the  ridge  seeped 
to  be  permanent,  but  they  certainly  appeared  to  undulate  from  the  west 
towards  the  east;  probably  an  atmospheric  phenomenon,  as  the  wind  was 
in  the  west 

**  At  about  aaoP  commenced  another  low  ridge  of  the  same  character,  and 
extending  to  about  250P,  less  elerated  than  the  other,  and  also  less  irregular 
in  outline,  except  that  at  about  225^  a  very  remarkable  protuberance  rose 
from  it  to  an  altitude  of  i^',  or  more.  The  tint  of  the  low  ridge  was  a 
rather  pale  pink ;  the  colour  of  the  more  elevated  prominence  was  decidedly 
deeper,  and  its  brightness  much  more  vivid.  In  form  it  resembled  a  dog^$ 
ttuky  the  convex  side  being  northwards,  and  the  concave  to  the  south.  The 
apex  was  somewhat  acute.  This  protuberance  and  the  low  ridge  con- 
nected with  it,  were  observed  and  estimated  in  height  towards  the  end  of  the 
totality. 

**A  small  double-pointed  prominence  was  noticed  at  about  255^,  and 
another  low  one  with  a  broad  base,  at  about  263^.  These  were  also  of  the 
roee-coloured  tint,  but  rather  paler  than  the  large  one  at  225^. 

«*  Almost  directly  preceding,  or  at  27QP,  appeared  a  bluntly  triangular  pink 
body,  tmMpendtd,  as  it  were,  in  the  corona.  This  was  separated  from  the 
noon*s  edge  when  first  seen,  and  the  separation  increased  as  the  moon 
julvanced.  It  had  the  appearance  of  a  large  conical  protuberance,  whose 
base  was  hidden  by  some  intervening  soft  and  ilUdefined  substance,  like  the 
upper  part  of  a  conical  mountain,  the  lower  portion  of  which  was  obscured 
by  cloads  or  thick  mist  I  think  the  apex  of  this  object  must  have  been 
at  least  i'  in  altitude  from  the  moon's  limb  when  first  seen,  and  more  than 
1^'  towards  the  end  of  total  obscuration.  Its  colour  was  pink,  and  I  thought 
it  paler  in  the  middle. 

"  To  the  north  of  this,  at  about  280P  or  285^,  appeared  the  most  wonderful 
phenomenon  of  the  whole.  A  red  protuberance,  of  vivid  brightness  and  very 
deep  tint,  arose  to  a  height  oU  perhaps,  i^'  when  first  seen,  and  increased 
in  length  to  2',  or  more,  as  the  moon's  progress  revealed  it  more  com- 
pletely. In  shape  it  somewhat  resembled  a  TurkUh  eimettr,  the  northern 
edge  being  convex,  and  the  southern  concave.  Towards  the  apex  it  bent 
suddenly  to  the  south,  or  upwards,  as  seen  in  the  telescope.  Its  northern 
edge  was  well  defined,  and  of  a  deeper  colour  than  the  rest,  especially 
towards  its  base.  I  should  call  it  a  rick  esrmitu.  The  southern  edge  was 
less  distinctly  defined,  and  decidedly  paler.  It  gave  me  the  impression  of  a 
somewhat  conical  protuberance,  partly  hidden  on  its  southern  side  by  some 
intervening  substance  of  a  soft  or  flocculent  chsracter.  The  apex  of  this 
protuberance  was  paler  than  the  base,  and  of  a  purplish  tinge,  and  it  cer* 
tainly  had  a  flickering  motion.  Its  base  was,  from  first  to  last,  sharply  bounded 
by  the  edge  of  the  moon.  To  my  great  astonishment,  this  marvellous  object 
amimmd  visible  for  about  Jive  veeonde,  as  nearly  as  I  could  judge,  after  the 
nm  began  to  reappear,  which  took  place  many  degrees  to  the  south  of  the 
aitoation  it  occupied  on  the  moon's  circumference.  It  then  rapidly  faded 
away,  hmt  U  did  not  vanieh  imetantaiuoualy.  From  its  extraordinary  sise, 
curious  form,  deep  colour,  and  vivid  brightness,  this  protuberance  absorbed 
mach  of  my  attention ;  and  I  am,  therefore,  unable  to  state  precisely  what 
changes  occurred  in  the  other  phenomena  towards  the  end  of  the  total  obscu* 
ration. 
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**  The  arc,  firom  aboot  283^  to  the  Dorth  point,  was  entirely  free  from  pve- 
nuDeoces,  and  also  from  any  roseate  tint. 


523.  Sffeoto  of  total  obsonratloii  on  •nrrowndtng'  ol 
and  soenerj. — Although  the  different  parties  of  observers  seatteted 
over  the  path  of  the  moon's  shadow  were  not  equally  foiteiiate  in 
haying  a  clear  unclouded  sky,  they  were  all  enahled  to  oheerre  and 
record  the  efiects  of  the  total  obscuration  upon  the  surroTinding 
objects  and  country.    Dr.  Bobertson  of  Edinburgh,  Dr.  Robinacm 
of  Armagh,  and  some  others,  witnessed  the  eclipse  from  an  island 
off  the  coast  of  Norway,  in  lat  61°  21^,  at  a  point  in  the  path  of  the 
axis  of  the  shadow.    The  precursory  phenomena  corresponded  -witk 
those  described  by  other  obseirers.  "The  atmosphere  was,  hoirerer, 
obscured  by  clouds,  which  appeared  to  rush  down  in  streams  from 
the  place  of  the  sun.    The  sea-fowl  flocked  to  tiieir  customaiy 
places  of  rest  and  shelter  in  the  rocks.    The  darkness  at  the  moment 
of  total  obscuration  was  sudden,  but  not  absolute ;  for  the  doads 
had  left  an  open  strip  of  the  sky,  which  assumed  a  dark  lurid  orange, 
which  changed  to  greenish  colour  in  another  direction,  and  afaed 
upon  persons  and  objects  a  £unt  and  unearthly  light    Lamps  and 
candles,  seen  at  fifty  or  sixty  yards*  distance,  were  as  visible  as  in  a 
dark  night,  and  the  redness  of  their  light  presented  a  strange  contrast 
with  the  general  green  hue  of  eyerything  around  them.      "  Hie 
appearance  of  the  country,''  says  Dr.  Robertson,  '*  seen  through  the 
lurid  opening  under  the  clouds,  was  most  appalling.    The  distant 
peaks  of  the  Jostedals  and  Dovre  Field  moimtains  were  seen  still 
illuminated  by  the  sun,  while  we  were  in  utter  darkness.    Never 
before  had  we  observed  all  the  lights  of  heaven  and  earth  so  entirely 
confined  to  one  narrow  stripe  along  the  horizon,  —  never  that 
peculiar  greenish  hue,  and  never  that  appearance  of  outer  darkness 
in  the  place  of  observation,  and  of  excessive  distance  in  the  verge  of 
the  horizon,  caused  in  this  case  by  the  hills  there  being  more 
highly  illuminated  as  they  receded  by  a  less  and  less  eclipsed  sun." 

Mr.  Hind  says,  that  during  the  obscuration  the  entire  landscape 
was  overspread  with  an  unnatural  gloom;  persons  around  him 
assimied  an  unearthly,  cadaverous  aspect  ,*  the  distant  sea  appeared 
of  a  lurid  red ;  the  southern  heavens  had  a  sombre  purple  hue,  the 
place  of  the  sim  being  indicated  only  by  the  corona  ;  the  northern 
heavens  had  an  intense  violet  hue,  and  appeared  veiy  near.  On 
the  east  and  west  of  the  northern  meridian,  bands  of  light  of  a 
yellowish  crimson  colour  were  seen,  which  gradually  faded  away 
into  the  unnatural  purple  of  the  sky  at  greater  altitudes,  producing 
an  effect  that  can  never  be  effaced  from  the  memory,  though  no 
description  could  give  a  just  idea  of  its  awful  grandeur. 

At  several  places  in  Prussia,  where  the  heavens  were  unclouded 
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during  the  total  obscuratioii,  a  great  number  of  the  more  conspi- 
0U0118  stars,  as  well  as  the  planets  Jupiter,  Venus,  and  Mercury, 
y^ere  yisible.  Several  flowering  plants  were  observed  to  close 
llieir  blossoms,  birds  which  had  been  previously  flying  about 
disappeared,  and  domestic  fowls  went  to  roost 

524.  Solmr  eoitpM  of  18«0,  Xnly  18.  —  Obaerrattona  ef 
XK«  lie  VeiTier  at  Tarasotia«  of  BC  Ckildsobmidt  at  VtttMia, 
fluid  of  BC  Seeelil  at  Beslorto  do  la«  Palmao,  Spain.  —  The 
ecllpee  of  the  sun  on  the  i8th  of  July,  i860,  was  fayourably 
observed  in  various  parts  of  Spain,  by  astronomers  of  all  countries. 
IPerhaps  on  no  occasion  of  a  similar  nature  was  a  greater  interest 
manifesied  in  organising  parties  of  observers,  for  the  purpose  of 
noting  correctly  the  various  phenomena  visible  only  during  the 
totality  of  a  solar  eclipse.  The  Admiralty  granted  the  use  of  the 
splendid  steamship  Himalaya  for  the  conveyance  of  the  British 
astronomers,  and  ^e  local  authorities  in  Spain  gave  eveiy  assistance 
to  the  expedition. 

The  results  of  the  observations  are  not  all  published,  but  the 
important  fact  has  been  established  that  the  various  phenomena 
-which  are  only  to  be  seen  on  these  rare  occasions  are  appendages 
of  the  sun.  Several  photographs  of  the  appearances  of  the  sun 
and  moon  at  diflerent  times  during  the  totality,  as  well  as  during 
other  phases  of  the  eclipse,  have  been  obtained  by  Mr.  De  la  Rue 
and  otiiers,  on  which  the  prominences  are  distinctly  marked,  show- 
ing the  progress  of  the  motion  of  the  moon  in  the  intervals  between 
the  dlOKlrent  photographs. 

In  the  abs^ce  of  published  records  of  English  astronomers,  we 
l)elieve  it  will  be  instructive  to  give  short  extracts  from  those  of 
H.  Le  Verrier  and  M.  Goldschmidt  of  Paris,  and  M.  Secchi  of 
Home,  all  of  whom  were  stationed  within  the  zone  of  totality. 
These  astronomers  were  favoured  with  a  clear  sky  during  the 
observations,  and  the  whole  of  the  phenomena  usually  seen  ap- 
pear to  have  been  observed,  with  the  exception  of  '^Baily's  beads." 
These- were,  however,  seen  by  other  observers. 

We  consider  it  better  to  give  M.  Le  Verrier's  account  in  his  own 
words:  — 

**  I  now  arrive  at  the  description  of  the  Inminous  appendages  which  appeared 
<m  the  circumference  of  the  lanar  and  solar  disks,  and  in  following  the  order 
in  which  I  explored  them,  that  is,  commencing  at  the  apparent  zenith  of  the 
■tin,  passing  down  towards  the  lower  part  of  the  disk  on  its  western  limh, 
then  ascending  by  the  eastern  limb  as  far  as  the  vertex,  and  again  descend- 
ing towards  the  west  to  the  point  where  the  first  ray  of  the  snn  reappeared. 
(I  speak  here  of  the  phenomenon  as  seen  by  the  naked  eye,  and  not  by  an 
inverting  telescope.)  The  first  object  which  I  saw  in  the  field  of  the  tele- 
scope, after  the  commencement  of  the  totality,  was  an  isolated  cloud  entirely 
separated  from  the  moon's  limb  by  a  space  equal  to  its  own  size,  extending 
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to  an  altitude  of  about  a  minata  and  a  half!  The  ooloiir  of  this  doad  waa  of  a 
fine  rose  mixed  with  a  tinge  of  yiolet,.and  its  transparence  seemed  heightened 
almost  to  white  by  the  brilliancy  of  some  of  its  parts.  A  little  lower  to  the 
right,  two  clouds  were  lying  on  each  other,  the  upper  cloud  being  amaUer 
than  the  lower;  these  exhibited  the  greatest  inequalities  in  their  inteosityof 
light  The  remainder  of  the  western  side  of  the  disk,  as  well  as  the  krwer 
part,  presented  nothing  remarkable,  excepting  the  ooronat  whoae  light  ap- 
peand  perfsctly  white,  and  of  considerable  brilliancy ;  but  on  the  eastern 
limb,  about  thirty  degrees  below  the  horizontal  diameter,  I  discovered  two 
elevated  prominences  contiguous  to  each  other.  The  upper  side  of  each  of 
^ese  protuberances  was,  like  the  clouds,  vividly  tinged  with  the  same  roes 
and  violet  colour,  whilst  the  opposite  side  appeared  white.  I  can  hardly 
doubt  the  form  which  these  prominences  presented.  As  it  contrasted  In 
shape  with  that  fii  the  other  phenomena  which  1  had  previously  seen,  I 
verified  the  jagged  appearance  of  these  prominences  with  great  care.  On 
moving  my  telescope,  the  high  power  of  which  would  only  allow  a  small 
portion  of  the  sun's  disk  to  be  seen  at  onoe,  I  recognised  a  little  higher,  a 
third  prominence  in  the  shape  of  a  tooth,  separated  Arom  the  other  two,  bat 
of  the  same  form  and  colour,  and  diflbring  only  by  dimensiona  more  con- 
siderable. The  remaining  part  of  the  disk  offered  nothing  reroarkablou  On 
returning  to  the  upper  region,  I  found  the  two  clouds  which  I  have  already 
described,  without  alteration. 

**  Twenty  seconds  before  the  reappearance  of  the  sun,  I  directed  my  atten- 
tion towards  the  point  at  which  it  was  expected.  That  part  of  the  limb 
which  two  minutes  previously  appeared  perfectly  white,  was  now  tinged 
with  a  narrow  thread  of  a  reddish  purple  colour;  but,  even  as  the  seconds 
passed  away,  this  coloured  thread  gradually  increased,  and  soon  formal 
around  the  black  disk  of  the  moon,  to  an  extent  of  thirty  degrees,  a  red 
border  of  an  increasing  and  definite  thickness,  the  outline  being  irregular  at 
the  upper  part  At  the  same  time,  the  brightness  of  the  portion  of  the  corona, 
which  during  the  few  preceding  seconds  emerged  f\rom  under  the  disk  of  the 
moon,  increased  with  such  a  rapidity,  that  I  was  in  doubt  whether  I  did  not 
see  the  limb  of  the  sun.  This  was  no  other  than  the  reappearance  of  a  direct 
ray  of  light,  which  in  its  turn  eflBu^  that  of  the  corona,  but,  however,  I 
was  certain  of  the  nature  of  the  phenomena  which  were  passing  at  the  same 
moment  before  my  eyes,  and  which  may  be  described  in  a  few  words.  1st  The 
visible  part  of  the  emerging  surface  of  the  sun,  in  evenr  direction  reaching  to 
an  altitude  of  seven  or  eight  seconds,  was  covered  by  a  bed  of  clouds  of  rose 
colour,  which  were  seen  to  increase  in  density,  even  as  they  appeared  from 
behind  the  disk  of  the  moon.  May  we  believe  that  the  entire  surface  of  the 
sun  is  enveloped  by  them  at  a  low  altitude,  as  it  is  spread  over  with  facnke, 
and  that  the  rose-coloured  clouds  are  emanations  from  this  bed,  forming  the 
f  pots  which  appear  on  the  disk  of  the  sun  ?  2nd.  The  intensity  of  the  light  of 
the  corona,  which  is  always  perfectly  white,  varies  with  great  rapidity  in  the 
immediate  neighbourhood  of  the  solar  disk.** 

Some  interesting  leflectionB  by  M.  Le  Verrier  on  the  physical 
constitution  of  the  siui;  resulting  from  a  consideration  of  the  yarioos 
phenomena  witnessed  by  him  during  the  interval  of  totality  at 
this  eclipse^  would  seem  to  raise  some  doubts  in  his  mind  of  tiie 
accuracy  of  the  generally  received  notion  that  the  sun  is  composed 
of  a  solid  opaque  nucleus,  or  globe,  invested  with  two  atmo^^ies, 
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tliat  which  is  neaiest  to  the  body  being  non-luminous ;  whUe  the 
"w^ole  is  suirounded  hj  the  exterior  coating,  which  is  self-lumin- 
ous, and  the  source  of  light  and  heat  "Wlien  the  exterior  cover- 
izig  is  broken,  the  non-luminous  matter  is  supposed  to  be  risible, 
forming  the  spots  which  are  continually  presentiug  themselves  on 
"the  solar  disk  (240).  To  this  complex  constitution,  it  is  now 
necessaiy  to  add  another  envelope,  that  which  forms  the  material 
of  the  rose-coloured  clouds  and  prominences.  M.  Le  Yerrier^s 
Temarks  on  the  subject  are  as  follows :  — 

**  Now  I  fear  that  the  greater  part  of  these  envelopes  are  only  matters  of 
Action ;  that  the  snn  is  simply  a  laminons  body  on  account  of  its  high  tern- 
peratore,  and  covered  by  a  continnous  bed  of  rose^olonred  matter,  the 
existence  of  which  is  now  sufficiently  proved.  The  son,  thus  formed  of  a 
central  body,  solid  or  liquid,  covered  by  an  atmosphere,  is  restored  to  the 
common  law  of  the  constitution  of  celestial  bodies. 

**  The  existence  of  a  bed  of  rose-coloured  matter,  partially  transparent, 
corvering  the  whole  surface  of  the  sun,  is  an  established  fact  by  the  observa- 
tions ntede  during  the  time  of  totality  in  the  present  eclipse. 

**  Observation  proves  also  that  this  rose-coloured  matter  is  accumulated 
occasionally  on  certain  points,  in  quantities  more  considerable  than  on  others, 
and  as  the  light  of  the  corresponding  part  of  the  sun  may  be  possibly  found 
more  or  less  extinguished,  we  arrive  at  a  natural  explanation  of  the  spots  on 
tbe  sun's  surface.  These  spots  will  exhibit  the  most  varied  forms  and  ap- 
pearances, subject  to  rapid  changes,  in  a  similar  manner  to  what  has  been 
already  observed,  provided  they  are  produced  by  cloada.  They  will  change 
their  positions  on  the  surface  of  the  sun,  like  clouds  on  the  surface  of  the 
csrth ;  and  when  fVom  their  motion  the  determination  of  the  roution  of  the 
son  on  its  axis  is  deduced,  we  ought  to  find,  as  it  frequently  happens,  dis- 
cordant results. 

*'The  Csculs,  or  luminous  streaks  which  appear  on  the  surface  of  the  sun, 
by  changing  their  form  and  brightness,  and  by  disappearing  Arom  certain 
regions,  to  appear  in  others,  could  be  explained  by  the  inequalities  and 
variable  density  of  the  atmosphere,  and  above  all,  by  the  illumination  of  the 
inclined  surface.  It  may  be  remarked,  that  in  the  neighbourhood  of  the 
apots  the  &cnl»  are  generally  most  abundant" 

The  town  of  Tarazona,  near  which  M.  Le  V errier  was  stationed 
during  the  eclipse,  is  situated  on  the  south  side  of  the  river  Ebro, 
at  a  distance  of  about  ten  miles  from  Tudela.  The  estimated  dura- 
tion of  totality  in  this  part  of  Spain  was  about  3™  lo*. 

M.  Goldschmidt  selected  Yittoria  as  the  station  at  which  a 
favourable  state  of  the  sky  was  probable,  and  which  was  also  con- 
Tenient  for  the  observation  of  the  eclipse.  The  duration  of  totality 
at  Yittoria  was  estimated  at  3™  o*,  being  about  thirty  seconds  less 
than  at  the  central  line  of  shadow.  The  instrument  used  was  a 
telescope,  with  an  object-glass  of  four  inches  aperture,  magnifying 
about  40  times.  The  corona  and  rose-coloured  prominences  were 
seen  distinctly  by  M.  Goldschmidt,  drawings  of  which  were  made 
by  him.    He  remarks  that — 
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**  The  most  impoting  m  well  ts  complicated  of  these  promineooes,  irlndi  I 
will  call  the  cAojidetier,  wai  grand  bejond  deecription.  It  rose  up  from  the 
limb,  appearing  like  slender  tongues  of  fire,  and  of  a  rose  cdoor  ;  its  e^ai 
purple  and  transparent,  allowing  the  interior  of  the  prominence  to  be  sees; 
in  &ct,  I  could  see  distinctlj  that  this  protuberance  was  hollow.  Sboctlj 
before  the  end  of  the  totality,  I  saw  escape  from  the  summits  of  tlieee  rose- 
coloured  and  transparent  sheaves  of  light,  a  slight  display  in  the  wikBpt  of  a 
fan,  which  gave  to  the  protuberance  a  real  resemblance  to  a  dWmditJBer.  Its 
base,  which  at  the  commencement  of  the  totality  was  noticed  very  decidedlj 
on  the  black  limb  of  the  moon,  became  slightly  less  attached,  and  the  wbok 
took  an  appearance  more  ethereal  or  vapourish ;  however,  I  did  not  lose  aigbi 
of  it  for  an  instant  The  jets  of  light  which  came  from  the  samiiiits  dis- 
appeared with  the  appearance  of  the  first  rays  of  the  sun,  but  it  wms  not  as 
with  the  protuberance  itself,  for,  an  instant  before  the  end  of  the  totaiitTy  I 
saw  several  small  prominences  appear  lying  close  to  each  other  on  the  ri^it 
of  its  base,  and  forming  a  square,  which  is  the  character  of  toothed  pire- 
minences ;  two  others  of  the  same  height  were  seen  on  the  left  side  of  its 
base,  when  the  sun  had  already  appeared,  at  2^  55"^.  It  should  be  menlkiiwid 
that  the  images  in  the  field  of  the  telescope  wen  inverted. 

**  The  north  horn  of  the  solar  crescent  touched  the  last  of  these  pro- 
minences, four  minutes  and  forty  seconds  after  the  reappearance  of  the  son. 
The  intense  light  caused  me  to  abandon  this  interesting  observatioa,  for  I 
was  not  at  the  time  using  a  coloured  glass ;  however,  I  am  certain  thiut  the 
i^andeUer  and  the  little  prominences  at  its  base  had  not  disappeared  up  to 
that  moment. 

**  Although  I  am  convinced  that  the  protuberances  belong  to  the  sud, 
nevertheless,  I  ought  to  remark  that,  at  the  last  moment,  I  was  aurpriaed  to 
see  the  direction  of  the  chandelier  referred  to  the  centre  of  the  moon,  rathex- 
than  to  the  centre  of  the  sun.  The  height  of  this  prominence  was  estimated, 
about  three  minutes  and  a  half  at  the  commencement  of  totality,  and  Amr 
minutes  at  the  end.  The  second  protuberance  appeared  on  the  apparent 
right  of  this,  at  a  distance  of  about  35^,  being  about  three  minutes  and  twenty 
seconds  in  height,  and  nearly  of  the  form  of  the  sign  of  the  planet  Saturn; 
this  prominence  I  have  called  the  AodL  A  third,  to  the  right  of  the  two  pre- 
ceding, and  at  a  distance  equal  to  that  of  the  two  others,  assumed  a  form  of 
which  it  is  difficult  to  give  an  idea ;  however,  I  will  call  it  the  tooth.  About 
eleven  degrees  to  the  right  of  the  second  protuberance  I  noticed  a  fourth, 
small,  and  in  the  form  of  a  square ;  between  this  and^  the  third  there  was 
situated  a  rose-coloured  cloud,  the  shape  of  which  was'elongated  and  bent, 
inclined  at  an  angle  of  45^  towards  the  left  limb  of  the  moon.  This  dond 
was  entirely  detached,  floating  on  the  corona  like  a  red  cloud  at  sunset.  Its 
centre  was  elevated  above  the  limb  of  the  moon,  about  one-half  the  altitude 
of  the  other  prominences,  or  about  two  minutes.  A  fifth  protuberance  also 
appeared,  at  the  beginning,  in  the  south-east,  and  was  of  increased  siae  in 
the  middle  of  the  totality. 

**  I  ought  to  remark,  that  all  the  protuberances  which  I  noticed  had  a  ten- 
dency in  their  forms  to  describe  a  curve,  the  concavity  of  wnich  was  toned 
from  the  side  of  the  west." 

The  eclipse  was  observed  by  M.  Secchi^  of  the  Colleg^o  BomanOy 
at  Desierto  de  las  Palmas,  near  Oropesa,  on  the  eastern  coast  of 
Spain^  and  very  nearly  on  the  central  line  of  totality,  the  estimated 
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duration  of  the  total  darkneae  at  thia  atation  being  about  3*"  26*. 
^f.  Seccbi  remarka :  — 

**  Shortly  before  the  total  disappearance  of  the  Bun,  I  noticed  the  corona 
'through  a  lightly  coloured  glass ;  I  removed  the  glass  as  soon  as  the  eclipse 
l>ecame  total,  and  I  was  astonished  at  its  brilliancy,  -which  was  sufficient, 
erven  at  this  time,  to  dazzle  the  eye ;  but  its  brightness  visibly  diminished, 
tJie  limb  of  the  san  being  surrounded  by  a  purplish  corona,  terminating  in 
points  of  the  same  colour,  which  soon  disappeared :  at  this  time  two  magni- 
ficent protuberances  appeared  a  little  above  the  spot  where  the  sun's  limb 
disappeared.    One  was  conical,  with  a  point  rather  slender  and  curved,  having 
the  appearance  of  a  flame  somewhat  agitated,    llie  other  was  less  elevated, 
^at  of  greater  extent ;  it  occupied  an  arc  of  four  or  five  degrees  of  the  limb, 
■Che  summit  terminating  like  teeth  of  a  very  fine  saw,  the  upper  outline  of 
"which  was  almost  parallel  to  the  limb  of  the  moon.    These  protuberances 
"wisibly  decreased;  their  height  was  estimated  at  2^  and  x^  minutes  re- 
spectively.   At  the  commencement  of  totality  no  prominence  was  visible  on 
tbe  opposite  limb  of  the  moon,  but  about  the  middle  of  the  eclipse,  when  the 
two  first  had  already  disappeared,  so  many  luminous  points  appeared  on 
the  other  side  of  the  black  disk,  that  I  was  for  a  short  time  embarrassed  which 
to  ^ooae  for  measurement.    These  brilliant  appearances  increased  in  size  aa 
Ikat  aa  the  moon  glided  forward,  and  I  saw  with  surprise  an  almost  con- 
tinaooa  arc  of  purple  light  instantaneously  formed,  composed  of  small  pro- 
tuberances,  in  that  part  of  the  lunar  disk  where  the  reappearance  of  the  sun 
was  expected.    What  surprised  me  most  was  a  fine  red  cloud  entirely  de- 
tached from  the  protuberances,  projected  on  the  white  light  of  the  corona, 
and  followed  by  two  others  of  smaller  dimensions.    I  could  not  refrain  from 
calling  the  attention  of  MM.  Aguilar  and  Cepeda,  who  observed  at  my  side, 
to  thia  remarkable  phenomenon,  the  existence  of  which  was  verified  by  these 
obaervers.    Meanwhile,  on  the  side  of  the  lunar  disk  where  the  sun  was  re- 
appearing, the  light  of  the  corona  gradually  increased,  and  I  saw  clearly  the 
line  on  which,  in  a  marked  gradation,  the  white  light  of  the  photosphere 
mingled  with  the  red  points  of  the  prominences ;  the  arc,  which  was  tinged 
with  red,  extended  at  that  time  to  at  least  60P.    Soon  after  this  the  protu- 
berances became  invisible,  but  I  still  saw  the  corona  with  the  naked  eye 
daring  40  seconds  after  the  reappearance  of  the  sun,  the  solar  light  shining 
like  an  electric  lamp^  projecting  tremulous  shadows. 

**  These  observations  have  convinced  me  that  the  protuberances  are  con- 
nected with  the  sun,  and  that  it  is  absurd  to  assert  the  contrary." 

525.  Bwldeiioe  of  a  aolmr  atmosphere.  —  Many  of  the  pbe- 
nomena  attending  total  aolar  edipsea  afiford  strong  corroboratory 
eridence  of  the  existence  of  a  solar  atmosphere,  extending  to  a 
vast  height  above  the  luminous  coating  of  the  sun,  the  probability 
of  which  has  been  already  shown  (256). 

The  corona,  or  bright  ray,  or  gloiy,  surrounding  the  dark  disk 
of  the  moon  where  it  ooyers  the  stm,  is  observed  to  be  ooncentrio 
with  the  moon  only  at  the  moment  when  the  latter  is  concentric 
with  the  sun.  In  other  positions  of  the  moon's  disk,  it  appears  to 
be  concentric  with  the  sun.  This  would  be  the  effect  produced 
hy  a  solar  non-luminous  atmosphere  faintly  reflecting  the  sun's  light 
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The  corona  Bupplies  no  exact  data  by  wliich  the  height  of  i3b% 
Bolar  atmosphere  thus  faintlj  reflectmg  light  can  be  aacerfcaised; 
but  Sir  J.  Herschel  thinks,  that  horn  the  manner  in  -wbidh  the 
diminution  of  light  is  manifested  on  the  sun's  disk,  being  bj  no 
means  sudden  on  approaching  the  borders,  but  extending  to  sooid 
distance  within  the  disk,  the  height  must  be  not  onlj  great  in  in 
absolute  sense,  but  must  even  be  a  veiy  considerabU  fractkia  of 
the  sun's  semi-diameter ;  and  this  inference  is  strongly  confixmed 
by  the  luminous  corona  surrounding  the  eclipsed  disk. 

526.  Probable  oanaes  of  tbe  red  omanattona  In  total  aotar 
eoUpaea.  —  It  appears  to  be  agreed  generally  among  astronomexs 
that  the  red  emanations  aboTe  described  are  solar,  and  not  hmar. 
From  obseryations  made  under  fSaTourable  circumstances  in  the 
north  of  Spain,  during  the  total  eclipse  of  the  sun  which  occnired 
on  the  1 8th  of  July,  1 860,  as  well  as  from  photographs  of  ^ 
eclipse  successfully  taken  during  the  time  of  totality,  condadTe 
prooft  have  been  recorded  that  these  prominences  are  strictlj  adar. 
If  they  be  admitted  then  to  be  solar,  it  is  scarcely  possible  to 
imagine  them  to  be  solid  matter,  notwithstanding  the  apparent 
constancy  of  their  form  in  the  brief  internal  during  which  at  aoj 
one  time  they  are  visible,  for  the  entire  duration  of  their  risibility 
has  never  yet  been  so  much  as  four  minutes.  To  admit  the  poea- 
bility  of  their  being  solar  mountains  projecting  above  the  lununous 
atmosphere  surrounding  the  sun,  and  rising  to  the  height  in  the 
exterior  and  non-luminous  atmosphere  forming  the  corona  neces- 
sary to  explain  their  appearance,  we  must  suppose  their  height  to 
amount  to  nearly  a  twentieth  part  of  the  sun's  diameter,  that  is, 
to  42yOOO  miles. 

The  fact  that  they  are  gaseous  and  not  solid  matter  iq>pear8, 
therefore,  to  be  conclusively  established  by  their  enormous  mag- 
nitude, the  great  height  above  the  surface  of  the  sun  at  whidi 
they  are  placed,  their  faint  degree  of  illumination,  and  the  cir- 
cumstances of  their  being  sometimes  detached  at  their  base  £rom 
the  visible  limb  of  the  sun.  These  circumstances  render  it  pro- 
bable that  these  remarkable  appearances  are  produced  by  dcKidy 
masses  of  extreme  tenuity,  supported,  and  probably  produced  in 
an  extensive  spherical  shell  of  non-luminous  gaseous  matter,  sur- 
rounding and  rising  above  the  luminous  surface  of  the  sun  to  a  great 
altitude.   . 

When  the  opinions  and  reflections  of  the  numerous  astronomen 
who  witnessed  the  phenomena  visible  during  the  eclipse  of  the  1 8th 
of  July,  1 860,  are  published,  we  shall  doubtless  be  in  a  positaon  to 
settle  definitely  this  important  and  interesting  question.  Mean- 
while, it  is  the  opinion  of  M.  Le  Verrier,  who  observed  the  phe- 
nomena under  favourable  circumstances,  that  it  ia  questionable 
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^w'hether  the  received  notion  of  the  physical  constitution  of  the 
son  would  account  for  these  red  emanations.  He  suggests  that  the 
sun  maj  be  simply  a  luminous  hody  on  account  of  its  high  tem- 
perature, and  that  it  is  covered,  in  some  parts  in  greater  density 
than  in  otheiB^  with  a  continuous  bed  of  rose-coloured  matter. 
**  The  sun,  thus  formed  of  a  central  body,  and  covered  by  an  atmo- 
sphere, is  restored  to  the  common  law  of  the  constitution  of  celestial 
bodies."  Until,  however,  the  subject  is  sufficiently  discussed  by  a 
comparison  of  the  accounts  and  opinions  of  other  astronomers, 
it  would  be  merely  speculative  to  come  to  any  conclusion  at 
present 

n.    LUNAB  ECUFSES. 

527.  CMue  of  limar  eolipaea.  —  When  the  moon  is  in  op- 
position, its  apparent  distance  from  the  plane  of  the  ecliptic  or 
its  latitude,  varying  from  o®  to  upwards  of  5®,  is  at  times  less 
than  the  apparent  semi-diameter  of  the  section  of  the  earth's 
conical  shadow,  in  which  case,  falling  more  or  less  within  the 
shadow,  it  will  be  deprived  of  liie  sun's  light,  and  will  therefore 
be  eclipsed. 

The  circumstalices  and  conditions  attending  such  a  phenomenon 
depend  evidently  on  the  dimensions  of  the  earth's  shadow,  the 
magnitude  of  its  section  at  the  moon's  distance,  and  the  position 
of  the  moon  in  relation  to  it. 

528.  CondlttOBs  wtaicb  determine  Imiar  eelipses.  —  As  the 
earth  moves  in  its  orbit  round  the  sim,  this  conical  shadow  is 
therefore  constantly  projected  in  a  direction  contrary  to  that  of  the 
smL  Any  body,  therefore,  which  may  happen  to  be  in  the  plane 
of  the  ecliptic,  or  sufficiently  near  to  it,  and  within  this  distance 
of  the  path  of  the  earth,  will  be  deprived  of  the  sun's  light  while 
it  is  within  the  limits  of  the  cone.  The  moon  being  the  only  body 
in  the  universe  which  passes  within  such  a  distance  of  the  earth, 
is  therefore  the  only  one  which  can  be  thus  obscured. 

The  section  of  the  shadow  may  be  regarded  as  a  dark  disk, 
whose  apparent  semi-diameter  varies  between  37'  49''  and  45'  42'', 
and  the  ^e  place  of  whose  centre  is  a  point  on  the  ecliptic  1 80^ 
behind  the  centre  of  the  sun.  A  lunar  eclipse  is  produced  by  the 
superposition,  partial  or  total,  of  this  disk  on  that  of  the  moon, 
and  the  circumstances  and  conditions  which  determine  such  an 
eclipse  are  investigated  upon  the  principles  already  explained. 

By  the  solar  tables,  the  apparent  position  of  the  centre  of  the 
sun,  from  hour  to  hour,  may  be  ascertained,  and  the  position  of  the 
centre  of  the  section  of  the  shadow  may  thence  be  inferred.  From 
the  lunar  tables,  the  position  of  the  moon's  centre  being  in  like 
mamier  detezained,  the  distance  between  the  centres  of  the  section 


314  ASTRONOMY. 

of  the  shadow  and  the  moon's  disk  can  be  ascertained.  'WlieD 
this  distance  is  equal  to  the  smn  of  the  apparent  aemi-diameters  of 
the  moon's  disk  and  the  section  of  the  shadow,  the  edipee  w31 
begin ;  the  moment  when  the  distance  is  least  will  be  the  middle 
of  the  eclipse^  and  the  line  of  greatest  obscuration ;  and  when  the 
distance  between  the  centres  increasing  becomes  again  eqaal  to  the 
simi  of  the  apparent  semi-diameters,  the  eclipse  will  terminate. 
The  computation  of  all  these  conditions^  and  the  time  of  their 
occurrence,  presents  no  other  difficulty  than  those  of  ordinaiy 
arithmetical  calculation. 

The  magnitude  of  the  eclipses  is  measured,  like  that  of  the  sun, 
bj  the  di^rence  between  the  sum  of  the  semi-diameters  and  the 
distance  between  the  centres. 

The  occurrence  of  a  total  eclipse,  and  the  moment  of  its  com- 
mencement, if  it  take  place,  are  determined  hj  the  distance  be- 
tween the  centre  of  the  shadow  and  that  of  the  moon  becoming 
equal  to  the  difference  between  the  semi-diameter  of  the  shadow 
and  that  of  the  moon.  Thus,  a  total  eclipse  will  take  place  if  the 
moon's  latitude  L  in  opposition  be  less  thim 

l=8'-«'=(A+A')~(*4-Oj 

that  is,  less  than  the  difference  between  the  sum  of  the  horizontal 
parallaxes  and  the  sum  of  the  semi-diameters ;  s  being  the  semi- 
angle  of  the  conical  shadow,  s',  the  apparent  semi-diameter  of  the 
section  of  the  shadow  at  the  moon's  distance,  «,  g^,  the  apparent 
semi-diameters,  and  h,  h',  the  horizontal  parallaxes  of  the  sun  and 
moon. 

Since  the  sum  of  the  horizontal  parallaxes,  eyen  when  least,  is 
much  greater  than  the  sum  of  the  apparent  semi-diameters,  even 
when  greatest,  a  total  eclipse  of  the  moon  is  always  possible,  pro- 
vided the  centre  of  the  moon  approaches  near  enough  to  the  centre 
of  the  shadow,  and  for  the  same  reason  an  annular  lunar  eclipse  is 
impossible. 

529.  ftnnar  ecUptlo  limits. —  That  a  lunar  eclipse  maj  take 
place,  it  is  necessary  that  the  moon,  when  in  opposition,  should 
approach  the  ecliptic  within  a  distance  less  than  the  sum  of  the 
apparent  semi-diameters  of  the  moon  and  the  section  of  the 
shadow.  Let  its  latitude  in  opposition  be  i/,  the  limiting  value  of 
this  will  be 

L'=A+ A' +«'-«. 

If  the  latitude  of  the  moon  be  less  than  this  (which  is  the  sum 
of  the  semi-diameters  of  the  moon  and  shadow)  an  eclipse  must 
take  place. 

Buty  as  m  the  case  of  solar  edipses,.  the  quantities  composing 
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Hub  hebkg  variabU  the  limit  itself  is  yariable.  If  such  values  be 
asngned  to  the  component  quantities  as  to  render  i/  the  greatest 
poemble,  we  shall  obtain  the  latitude  within  which  an  eclipse  is 
poesible.  If  such  yaluee  be  assigned  as  will  render  j/  the  least 
possible,  we  shall  obtain  the  latitude  within  which  an  eclipse  is 
ineTitaUe. 

530.  Or»af  ■»  dmmttoB  of  totml  MUpse^ —  The  duration  of  a 
total  eclipse  depends  on  the  distance  over  which  the  centre  of 
the  moon's  disk  moyes  relatiyely  to  the  shadow  while  passing 
firom  the  first  to  the  last  internal  contact  This  may  vary  from 
O  to  twice  the  greatest  possible  distanoe  of  the  moon's  centre  from 
the  centre  of  the  shadow  at  the  moment  of  internal  contact,  that 
isy  to 

and  this  at  its  greatest  yalue  is, 

2l'=:2X(3o'58'0-6i'56"5 

and  since  the  moon's  centre  moyes  synodicallj  through  half  a 
minute  of  space  in  each  minute  of  time,  the  intenral  necessary  to 
move  over  61'  56^'  will  be  two  hours  and  four  minutes,  which 
is  therefore  the  greatest  possible  duration  of  a  total  lunar  eclipse. 

531.  Bel«ttT«  nnmber  of  solar  and  Imiar  ooUpaea. —  It  will 
be  evident,  from  what  has  been  explained,  that  the  frequency  of 
solar  is  much  greater  than  that  of  lunar  eclipses,  since  two  at  least 
of  the  fomier  mud^  and  five  nwy,  take  place  within  the  year,  while 
not  one  of  the  latter  may  occur.  Nevertheless,  the  number  of 
lunar  which  are  exhibited  at  any  given  place  on  the  earth  is  greater 
than  that  of  solar  eclipses,  because,  although  the  latter  occur  with 
so  much  greater  frequency,  they  are  seen  only  within  particular 
limits  on  ^e  earth's  surfiEuse. 

532.  Bffsets  of  the  earth's  ponvmbnu — Long  before  the 
moon  enters  within  tbe  sides  of  the  cone  of  the  shadow  it  enters 
the  penumbra,  and  is  partially  deprived  of  the  sun's  light,  so  as  to 
render  the  illumination  of  its  waabice  sensibly  more  faint  It 
might  be  inferred  from  this,  that  the  obscuration  of  the  moon  is  so 
extremely  gradual,  that  it  would  be  impossible  to  perceive  the 
limitation  of  the  shadow  and  penumbra.  Nevertheless,  such  is 
the  splendour  of  the  solar  light,  that  the  thinnest  crescent  of  the 
son,  to  which  the  part  of  the  moon's  surface  near  the  edge  of  the 
earth's  shadow  is  exposed,  produces  a  degree  of  illumination  which, 
contrasts  so  strongly  with  ^e  shadow  as  to  render  the  boundary  of 
the  latter  so  dis^ct,  that  the  phenomenon  presents  one  of  the 
most  striking  evidences  of  the  rotundity  of  the  earth;  the  form  of 
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ihh  shadow  being  accurately  that  which  one  globe  would  project 
upon  another. 

533.  Bflseto  of  reflrmettOB  of  ttoo  —rOk*m  afoopliare  ts 
totAl  ecUpsos. —  If  the  earth  were  not  rarrounded  with  an  atmo- 
sphere capable  of  refracting  the  sun's  light,  the  disk  of  the  moon 
would  be  absolutely  inyisible  after  entering  within  the  edge  of  the 
shadow.  For  the  some-  reaacm,  howevw,  that  we  oontinne  to  see 
the  sun's  disk,  and  reoeiye  its  rajs  after  it  has  really  descended 
below  the  horizon,  an  obsenrer  placed  upon  the  moon,  and  th^e- 
fore  the  surfetce  of  the  moon  itself,  must  continue  to  receiTe  tiie 
sun's  rajs  after  the  interposition  of  the  edge  of  the  earthV  disk  as 
Qeen  from  the  moon.  This  refracted  light  falling  upon  the  moon 
after  it  has  entered  within  the  limits  of  the  shadow,  produces  upon 
it  a  peculiar  illumination,  conesponding  in  faintness  and  coloor  to 
the  rajs  thup  transmitted  through  the  earth's  atmosphere. 

534.  The  lunar  disk  Tislble  Ottriav  total  obaoogatl— i<— 
When  the  moon's  limb  first  enters  the  shadow,  the  contrast  and 
glare  of  the  part  of  the  disk  still  enlightened  bj  the  direct  rajs  of 
tiie  sun,  render  the  eje  insensible  to  the  more  feeble  illumination 
produced  upon  the  eclipsed  part  of  the  disk  by  the  refiticted  rajs. 
As,  howeyer,  the  eclipse  proceeds,  and  the  magnitude  of  the  part 
of  the  disk  directl j  enlightened  decreases,  the  e  je,  partly  reliered 
from  the  excessive  glare,  begins  to  peroeiye  yeij  feuntlj  the  eclipsed 
limb,  which  is  neyertheless  visible  from  the  beginning  in  a  tele- 
scope, in  which  it  appears  with  a  dark  grej  hue.  Wh^i  the  entire 
disk  has  passed  into  the  shadow,  it  becomes  distinctlj  visible, 
showing  a  gradation  of  tints  from  a  bluish  or  greenish  on  the  out- 
side to  a  graduallj  increasing  red,  which,  fiirUier  in,  changes  to  a 
colour  resembling  that  <^  incandescent  iron  when  at  a  dull  red 
heat.  As  the  lunar  disk  approaches  the  centre  of  the  shadow, 
this  red  line  is  spread  all  over  it.  Its  illumination  in  this  position 
is  sometimes  so  strong  as  to  throw  a  sensible  shadow,  and  to  render 
distinctlj  visible  in  the  telescope  the  lineaments  of  light  and 
shadow  upon  its  suifSace. 

These  effects  are  altogether  similar  to  the  succession  of  tints 
deyeloped  in  our  atmosphere  at  sunset,  and  arise,  in  fact,  from  the 
same  cause,  operating,  however,  with  a  twofold  intensity.  The 
solar  rajs  traversing  twice  the  thickness  of  air,  the  blue  and  green 
lights  are  more  effectuallj  absorbed,  and  a  still  more  intense  red  is 
imparted  to  the  tints  transmitted.  Without  pursuing  these  con* 
sequences  further  here,  the  reader  will  find  no  difficult  in  tracing 
them  in  the  effects  of  sunset  and  of  momae,  and  of  eyoiing  and 
morning  twilight. 
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Stsiem. 

*  $35.  Tlie  mottons  of  Xnpiter  and  bis  satelliteSf  as  seen 
flrom  the  eartli«  ezliibit  firom  time  to  time  all  tbe  effects  of 
Interposition. —  Let  J  y,  Jig.  91.  represent  the  planet,  j/y  its 
conical  shadow, «  ^  the  sun,  E  and  E^  the  positions  of  the  earth  when 
the  planet  is  in  quadrature,  in  which 
position  the  shadow  j/ j'is  presented 
with  least  ohliquity  to  the  visual  line, 
and  therefore  least  foreshortened,  and 
most  distinctly  seen.  Let  5  ('  (f  c?  re- 
present the  orbit  of  one  of  the  satellites 
the  plane  of  which  coincides  nearly 
with  that  of  the  planet*s  orbit,  and, 
for  the  purposes  of  the  present  illus- 
tration, the  latter  may  be  considered 
as  coinciding  with  the  ecliptic  with- 
out producing  sensible  error. 

From  E  suppose  the  visual  lines  e  j 
tuid  E  j'  to  be  drawn,  meeting  the  path 
of  the  satellite  at  d  and  g,  and  at  a 
And  I/f  and,  in  like  manner,  let  the 
corresponding  visual  lines  from  e' 
meet  it  at  cf  and  ^,  and  at  <f  and  b\ 
Let  c  and  c'  be  the  points  where  the 
path  of  the  satellite  crosses  the  limits 
of  the  shadow,  and  h  and  h'  the 
points  where  it  crosses  the  extreme 
solar  rays  which  pass  along  those 
limits. 

If  /  express  the  length  jf  of  the 
shadow,  d  the  distance  of  the  planet 
from  the  sun  in  semi-diameters  of  the 
planet,  and  r  and  r^  the  semi-dia- 
meters of  the  sun  and  the  planet 
TOspectively,  we  shall  have 
r' 

by  which  formula  the  length  of  the  shadow  is  found  to  be  1 247 
•emi-dismeters  of  the  planet  Now,  since  the  distance  of  the 
most  remote  satellite  is  not  so  much  as  27  semi-diameters  of  tbe 
planet  (406),  and  since  the  orbits  of  the  satellites  are  almost  ex- 
actly in  the  plane  of  the  orbit  of  the  planet,  it  is  evident  that 
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thej  will  neoeflsarily  pass  througli  the  shadow,  and  alxnoal  tlixtni^ 
its  axis,  ereiy  reyoliitioii,  and  the  lengths  of  their  paths  in  tibe 
shadow  will  be  yeiy  little  less  than  the  diameter  of  the  planeL 

The  fourth  satellite,  in  extremely  rare  cases,  presents  an  excep- 
Uon  to  tiiis;  passing  through  opposition  without  entering  the 
shadow.  In  general,  however,  it  may  be  considered  that  all  the 
satellites  in  opposition  pass  through  the  shadow. 

536.  BflsetB  of  Interpoaitloii. — The  planet  and  satellitea  ex- 
hibit, firom  time  to  time,  four  different  efibcts  of  interposition. 

537.  1st  BoUpaeaoftlie  satelUtM. — These  take  place  when 
the  satellites  pass  through  the  shadow  behind  the  planet.  Their 
entrance  into  the  shadow,  called  the  tmmersum,  is  marked  by 
their  nearly  sudden  extinction.  Their  passage  out  of  the  shadow, 
called  their  ememonj  is  manifested  by  their  being  suddenly  re- 
lighted. 

538.  2nd.  aeiipMaoftlieptaiietbytlieaatemtes. — When 
the  satellites,  at  the  periods  of  their  conjunctions,  pass  between  the 
lines  8  J  and  if  f,  their  shadows  are  projected  on  the  sorftoe  of  the 
planet  in  the  same  manner  as  the  shadow  of  the  moon  is  projected 
on  the  earth  in  a  solar  eclipse,  and  in  this  case  the  shadow  may  be 
seen  moving  across  the  disk  of  the  planet,  in  a  direction  parallel  to 
its  belts,  as  a  small,  roimd,  and  intensely  black  spot. 

539.  3rd.  Ooonltatlona  of  tHo  aateUitos  by  the  iMaaota. — 
When  a  satellite,  passing  behind  the  planet,  is  between  the  tangents 
B  ;  a'  and  E  f  h*,  drawn  from  the  earth,  it  is  concealed  from  the 
observer  on  the  earth  by  the  interposition  of  the  body  of  the 
planet.  It  disappears  on  one  side  of  the  planet's  disk,  and  reap- 
pears on  the  other  side,  having  passed  over  that  part  of  its  or^t 
which  is  included  between  the  tangents.  This  phenomenon  is  called 
an  occultation  of  the  satellite. 

540.  4th.  Transits  of  tno  satellites  ovor  ttoo  planot. — 
When  a  satellite,  being  between  the  earth  and  planet,  passes 
between  the  tangents  E  J  and  E  i\  drawn  ftom  the  earth  to  the 
planet,  its  disk  is  projected  on  that  of  the  planet,  and  it  may  be 
seen  passing  across,  as  a  small  brown  spot,  brighter  or  darker  than 
the  ground  on  which  it  is  projected,  according  as  it  is  projected  on 
a  dark  or  bright  belt  The  entrance  of  the  satellite  upon  the  disl^ 
and  its  departure  frt)m  it,  are  denominated  its  ingren  and  egre», 

541.  Fbenomena  predicted  In  Wantloal  IMinana«t. — The 
times  of  the  occurrence  of  aU  these  several  phenomena  are  calcolated 
and  predicted  with  the  greatest  precision,  and  may  be  found  regis- 
tered in  the  Nautical  Almanac,  with  the  diagrams  for  each  month 
to  ud  Ihe  observer.  The  mean  time,  at  Greenwich,  of  the  eclipses 
of  the  satellites  is  there  accurately  given,  so  tiiat  if  the  time  at 
which  any  of  them  are  observed  to  occur  in  any  other  fdaoe  be^ 
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noted,  the  dififorence  of  sucli  local  time  and  that  regiacered  in  the 
Almanac  will  give  the  longitude  of  the  place  east  or  weat  of  the 
meridian  of  Greenwich.  The  obsenrationfl  of  the  other  phenomena 
of  the  satellites  of  Jupiter  cannot  be  made  with  sufficient  accuracy, 
for  the  determination  of  differences  of  longitude. 

542.  XotloB  Of  Uflit  discoreredv  and  Its  Teloettj  me** 
svreA,  by  mmmam  of  tlioso  ecUpsos. — Soon  alter  the  inyention 
of  the  telescope,  Roemer,  an  eminent  Danish  astronomer,  engaged 
in  a  series  of  observations,  the  object  of  which  was  the  discoveiy  of 
the  exact  time  of  the  revolution  of  one  of  these  bodies  round 
Jupiter.  The  mode  in  which  he  proposed  to  inyestigate  this  was, 
by  obeerving  the  successive  eclipses  of  the  satellite,  and  noticing 
the  time  between  them. 

Now  if  it  were  possible  to  observe  accurately  the  moment  at 
which  the  satellite  would,  after  each  revolution,  either  enter  the 
ahadow,  or  emerge  from  it,  the  interval  of  time  between  these  events 
would  enable  us  to  calculate  exactly  the  velocity  and  motion  of  the 
satellite.  It  was,  then,  m  this  manner  that  Koemer  proposed  to 
ascertain  the  motion  of  the  satellite.  But,  in  order  to  obtain  this 
estimate  with  the  greatest  possible  precision,  he  proposed  to  con* 
tinue  his  observations  for  several  months. 

Let  us,  then,  suppose  that  we  have  observed  the  time  which  has 
elapsed  between  two  successive  eclipses,  and  that  this  time  is,  for 
example,  forty-three  hours.  We  ought  to  expect  that  the  eclipse 
would  recur  after  the  lapse  of  every  successive  period  of  forty-three 
hours. 

Imagine,  then,  a  table  to  be  computed  in  which  we  shall  calcu- 
late and  register  beforehand  the  sidereal  time  at  which  eveiy  suc- 
cessive eclipse  of  the  satellite  for  twelve  months  to  come  shall 
occur,  and  let  us  conceive  that  the  earth  is  at  E,  at  the  commence- 
ment of  our  observations :  we  shall  then,  as  Roemer  did,  observe 
the  times  at  which  the  eclipses  occur,  and  compare  them  with  the 
oorrespondiDg  times  regiBtered  in  the  table. 

Let  the  earth,  therefore,  at  the  commencement  of  these  observa- 
tions, be  supposed  at  B,^.  65,  where  it  is  nearest  to  Jupiter. 
When  the  earth  has  moved  to  ^%  it  will  be  found  that  the 
oocorrenoe  of  the  eclipse  is  a  UtUe  later  than  the  time  registered  in 
the  table. 

As  the  earth  moves  from  "t'  towards  'Bf'%  the  actual  occurrence 
of  the  eclipse  is  more  and  more  retarded  beyond  the  time  of  its 
computed  occurrence,  until  at  "sf",  m  conjunction,  it  is  found  to 
occur  about  sixteen  minutes  later  than  the  calculated  time. 

By  observations  such  as  these,  Roemer  was  struck  with  the  fact 
that  his  predictions  of  the  eclipses  proved  in  eveiy  case  to  be  wrong. 
It  would  at  first  occur  to  him  that  this  discrepancy  might  arise 
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from  some  errors  of  his  obsermtioiis ;  but,  if  such  were  tlie  case, 
it  might  be  expected  tbat  the  result  would  betray  that  kind  of 
irregularity  which  is  always  the  character  of  such  errors.  Tins 
it  would  be  expected  that  the  predicted  time  would  sometimes  be 
later,  and  sometimes  earlier,  than  the  observed  time,  and  that  it 
Would  be  later  and  earlier  to  an  irregular  ezteut  On  the  contnij, 
it  was  observed,  that  while  the  ear^  moved  from  b  to  s'^',  tirt 
observed  time  was  continually  later  than  the  predicted  time,  and^ 
moreover,  that  the  interval  by  which  it  was  later  continuallj  and 
regularly  increjised.  This  was  an  effect,  then,  too  regular  and 
consistent  to  be  supposed  to  arise  from  the  casual  errors  of  obser- 
vation ;  it  must  have  its  origin  in  some  physical  cause  of  a  regular 
kind. 

The  attention  of  Roemer  being  thus  attracted  to  the  queetioiiy 
he  determined  to  pursue  the  investigation  by  continuing  to  observe 
the  eclipses.  Time  accordingly  rolled  on,  and  the  earth,  transport- 
ing the  astronomer  with  it,  moved  from  e"'  to  b'. 

It  was  now  found,  that  though  the  time  observed  was  later  than 
the  computed  time,  it  was  not  so  much  so  as  at  2f^' ;  and  as  the 
earth  again  approached  opposition,  the  difference  became  lees  and 
less,  until  on  arriving  at  s,  the  position  of  opposition,  the  observed 
eclipse  agreed  in  time  exactly  with  the  computation. 

From  this  course  of  observation  it  became  apparent  that  the 
lateness  of  the  eclipse  depended  altogether  on  the  increased 
distance  of  the  earth  from  Jupiter.  The  greater  that  distance,  tiie 
later  was  the  occurrence  of  the  eclipse  as  apparent  to  the  observers, 
imd  on  calculating  the  change  of  distance,  it  was  found  that  the 
delay  of  the  eclipse  was  exactly  proportional  to  the  increase  of  the 
earth's  distance  from  the  place  where  the  eclipse  occurred.  Thus 
when  the  earth  was  at  e''',  the  eclipse  was  observed  sixteen  minutes, 
or  about  looo  seconds  later  than  when  the  earth  was  at  £.  The 
diameter  of  the  orbit  of  the  earth,  x  e'",  measuring  about  two 
hundred  millions  of  miles,  it  appeared  that  that  distance  produced 
a  delay  of  a  thousand  seconds,  which  was  at  the  rate  of  two 
hundred  thousand  miles  per  second.  It  appeared,  then,  that  for 
every  two  hundred  thousand  miles  that  the  earth's  distance  frt>m 
Jupiter  was  increased,  the  observation  of  the  eclipse  was  delayed 
one  second. 

Such  were  the  facts  which  presented  themselves  to  Boemer. 
How  were  they  to  be  explained  P  It  would  be  absurd  to  suppose 
that  the  actual  occurrence  of  the  eclipse  was  delayed  by  the  increased 
distance  of  the  earth  from  Jupiter.  These  phenomena  depend  only 
on  the  motion  of  the  satellite  and  the  position  of  Jupiter's  shadow, 
and  have  nothing  to  do  with,  and  can  have  no  dependence  on,  the 
« position  or  motion  of  the  earth,  yet  imquestionably  the  time  th^ 
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mppear  to  bccnf  to  an  obseirer  upon  the  ear^  lias  a  dependence 
on  the  distance  of  the  earth  .from  Jupiter. 

.  To  solve  this  difficulty,  the  happy  idea  occurred  to  Roemer  that 
tira  moment  at  which  we  see  the  extinction  of  the  satellite  by  its 
entrance  into  the  shadow  is  not,  in  any  case,  the  yeiy  moment  at 
'which  that  event  takes  place,  but  sometime  afterwud,  viz.  such 
sui  interval  as  is  sufficient  for  the  light  which  left  the  satellite  just 
before  its  extinction  to  reach  the  eye.  Viewing  the  matter  thus,  it 
will  be  apparent  that  the  more  distant  the  earth  is  from  the 
satellite,  ^e  longer  will  be  the  interval  between  the  extinction  of 
the  satdlite  and  the  arrival  of  the  last  portion  of  light  which  left 
it  at  the  eaith ;  but  the  moment  of  the  extinction  of  the  satellite  is 
that.of  the  commencement  of  the  eclipse,  and  the  moment  of  the 
arrival  of  the  light  at  the  earth  is  the  moment  the  comi^encement 
of  the  eclipse  is  observed. 

Thus  Roemer,  with  the  greatest  felicity  and  success,  explained 
the  discrepancy  between  the  cdculated  and  the  observed  times  of 
the  eclipses ;  but  he  saw  that  these  circumstances  placed  a  great 
discovery  at  his  hand.  In  short,  it  was  apparent  that  light  is 
propagated  through  space  with  a  certain  definite  speed,  and  that 
the  drcumstances  we  have  just  explained  supply  the  means  of 
measuring  that  velocity. 

We  have  shown  that  the  eclipse  of  the  satellite  is  delayed  one 
second  more  for  every  two  huncbed  thousand  miles  that  the.earth^s 
distance  from  Jupiter  is  increased,  the  reason  of  which  obviously  is^ 
that  light  takes  one  second  to  move  over  that  space ;  hence  it  is 
apparent  that  the  velocity  of  light  is  at  the  rate,  in  round  numbers, 
of  two  hundred  thousand  miles  per  second. 

By  more  exact  observation  and  calculation  the  velocity  is  found 
to  be  184,000  miles  per  second,  the  time  taken  in  crossing  the 
earth's  orbit  being  16"  35*'6. 

543.  SoUpaes  of  0atiini*a  aatelUtes  not  obMrTabl«.-T 
Owing  to  the  obliquity  <^  the  orbits  of  the  Satumian  satellites  to 
that  of  the  primary,  eclipses  only  take  place  at  or  near  the  equinoxes 
of  the  planet,  the  satellites  revolving  neariy  in  the  common  plane 
of  tiie  equator  and  the  ring.  When  they  do  take  place,  these  eclipses 
are  so  difficult  of  observation  as  to  be  practically  useless  for  the 
determination  of  longitudes,  and  have,  consequentiy,  received  but 
little  attention. 

IV.  Tbinsits  op  the  Ikfjebioe  Plaitets. 

544.  Coadittona  whleU  dotennlne  a  traaatt.  —  When  an 
inferior  planet,  being  in  inferior  conjunction,  has  a  less  latitude  or 
distance  from  the  ecliptic  than  the  sun's  semi-diameter,  it  will  bo 
lesi  distant  from  the  sun*s  centre  than  such  semi-diameter,  and  will 
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therefore  be  within  the  eim'f  diek.  In  this  etse,  the  planet  Mag 
between  the  earth  and  son,  iti»  dark  hemi^here  being  tomed 
towards  the  earth,  it  will  appear  projected  upon  the  ann'a  disk  aa 
an  intenaely  black  round  qpot  The  apparent  motion  <tf  the  plaaaf 
being  then  retrograde,  it  will  appear  to  more  acroae  the  disk  of  the 
son  from  east  to  west  in  a  line  aensildj  parallel  to  the  ecHptic; 

Such  a  phenomenon  is  called  a  xravbit,  and  aa  it  can  oolj  take 
place  with  planets  which  pass  between  the  eartii  and  son,  it  is 
limited  to  t^e  inferior  planets. 

of  Mercufj  and  Venus  are  phenomena  of  rare  oocunence,  eqpeciaUj 
those  of  Venus,  and  thej  are  sq>arated  hj  rerj  unequal  inteorralo. 
The  following  are  the  datesof  Uie  suooessiTe  tzanats  of  Metcarj 
from  1 84s  to  the  end  of  the  present  oentuij :  — 


l«4J 

M«7  «. 

IM 

Nov.  9. 

it6c 

Nor.  II. 

1I6S 

Vow,  4. 

ItTt 

lU,    d. 

Those  of  Venus  occur  only  at  interrals  of  8,  122,  8,  105,  8,  122, 
&c  years;  the  last  occuired  in  1769.  Two  only  will  take  place 
in  the  present  century — on  the  8th  of  December,  1874,  and  on 
the  6th  of  December,  1882. 

546.  me  0iui*a  diatanoe  tetermlned  by  tbm  traaatt  ml 
▼ea«a.  —  The  transits  of  Venus  have  acquired  inunense  interest 
and  importance,  from  the  drcumstance  of  tiieir  supplying  data 
by  whidi  the  sun's  distance  from  the  earth  can  be  determined  with 
fSar  greater  precision  than  by  any  other  known  method.  Thetianatts 
of  Mercury  would  supply  like  data,  but  owing  to  the  greater 
distance  of  that  planet  from  the  earth  when  in  inferior  conjunctioa, 
the  conditions  affecting  the  data  are  not  nearly  so  fayourable  aa 
those  supplied  by  Venus. 

The  transit  of  Venus  on  the  3rd  of  June,  1 769,  was  considered 
of  sufficient  importance  for  sendiog  out  an  astronomical  expedition 
to  Otaheite,  in  the  Pacific  Ocean,  for  the  purpose  of  obtaining 
obserrations  of  this  rare  phenomenon  at  a  distant  part  of  the 
globe,  which  would  supply  the  necessary  data,  in  conjunction  with 
those  found  from  obserrations  in  other  localities,  for  ascertaining 
the  amount  of  the  sun's  parallax.  This  expedition  was  under  the 
command  of  the  celebrated  Captain  Cook.  The  French,  Bussian, 
and  other  goyemments  also  fitted  out  expeditions  in  the  most 
liberal  manner,  whidi  were  sent  to  yarious  parts  of  the  giobe. 

On  a  comparison  of  all  ^e  observations,  it  was  found  that  they 
gave  8''*5776  as  the  yalue  of  the  sun's  horixontal  parallaT,  or 
1 7'''i  552  as  the  angle  which  the  earth's  diameter  subtends  at  tiie 
sun.      (See  Appendix,  807.) 
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The  details  of  this  celebiated  problem  of  the  determination  of 
the  0tm*8  parallax,  by  obaenrations  of  the  transit  of  Venus  across 
the  sdar  disk,  are  much  too  complicated^  and  inyolve  calculations 
too  long  and  intricate  to  be  explained  here,  the  limited  extent  of 
this  Tolume  forbidding  explanations  which  require  much  space  in 
'tibeir  elucidation. 

V.  OcciTLTAXioira. 

547.  OeenltattoB  deftned. — When  anj  celestial  object,  the 
8iin  excepted,  is  concealed  by  the  interposition  of  another,  it  is  said 
to  be  OCCULTED,  and  the  phenomenon  is  called  an  occululTIOV. 

Strictly  speaking,  a  solar  eclipse  is  an  occultation  of  the  sun  by 
the  moon,  but  usage  has  given  to  it,  by  exception,  the  name  of  an 
eclipse. 

548.  Oecnltatleiw  by  tke  moott.  —  The  phenomena  of  this 
class  which  possess  greatest  astronomical  interest  are  those  of  stars 
and  planets  by  the  moon.  That  body,  measuring  about  half  a 
degree  in  diameter,  moves  in  her  montidy  course  so  as  to  occult 
every  object  on  the  firmament  which  is  included  in  a  lone  extending 
to  a  quarter  of  a  degree  at  each  side  of  the  apparent  path  of  her 
centre.  All  the  stars  whose  places  lie  in  this  zone  are  successively 
occulted,  and  disappearances  and  reappearances  of  the  more  con- 
spicuous ones,  as  well  as  those  of  the  planets  which  may  be  found 
within  the  limits  of  the  same  zone,  present  some  of  the  most 
striking  effects  which  are  witnessed  by  observers. 

The  astronomical  amateur  will  find  in  the  Nautical  Almanac  a 
table  in  which  all  the  principal  occultations,  both  of  stars  and 
planets,  are  predicted. 

The  disappearance  takes  place  always  at  the  limb  of  the  moon, 
which  is  presented  in  the  duection  of  its  motion. 

From  tiie  epoch  of  fiill  moon  to  that  of  new  moon  the  moon 
moves  with  the  enlightened  edge  foremost,  and  from  new  moon  to 
full  moon  with  the  dark  edge  foremost  During  the  former  inter- 
val, therefore,  the  objects  occulted  disappear  at  the  enlightened 
edge,  and  reappear  at  the  dark  edge,  and  during  the  latter  period 
they  disappear  at  the  dark,  and  reappear  at  the  enlightened  edge. 

The  disappearances  and  reappearances  when  tiie  moon  is  a 
crescent  are  especially  remarkable.  If  the  disappearance  take  place 
at  the  convex  edge,  notice  of  its  approach  is  given  by  the  visible 
proximity  of  the  star,  which,  at  the  moment  of  contact,  is  suddenly 
extinguished.  Its  reappearance  is  more  f«tartling,  for  it  seems  to  be 
suddenly  lighted  up  at  a  point  oi  the  firmament  neariy  half  a  degree 
from  the  concave  edge  of  ^e  crescent.  If  the  disappearance  take 
place  at  the  dark  edge  it  is  much  more  striking,  the  star  appearing 
to ''  go  out  **  of  itself  at  a  point  of  the  sky  where  nothing  interferes 
with  it 
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When  stars,  howeyer,  are  of  less  magnitude  than  tiie  fifth,  &e 
overpowering  light  of  the  moon  makes  the  star  inyisible  befors 
the  occnltation  takes  place  at  the  enlightened  edge.  At  the  leJ 
appearance  the  same  efilect  is  produced,  the  star  before  becomh^ 
Visible  is  frequently  some  distance  from  the  bright  limb  of  thd 
moon. 

The  moon's  horizontal  parallax  amounting  to  nearly  twice  its 
diameter,  the  part  of  the  firmament  on  which  it  is  projected  and 
which  is  its  apparent  place,  differs  at  different  parts  of  Uie  earth. 
In  difierent  latitudes  the  moon,  therefore,  in  the  course  of  the  month 
appears  to  traverse  difierent  zones  of  the  firmament,  and  consequentiy 
to  occult  diOerei^t  stars.  Stars  which  are  occulted  in  certain  lati- 
tudes are  not  occidted  at  all  at  others,  and  of  those  which  are 
occulted,  the  durations  of  the  occultation  and  the  moments  and 
places  of  disappearance  and  reappearance  are  difierent. 

To  render  this  more  intelligible,  let  K  By  Jiff,  92,  represent  the 
earth,  k  being  its  north,  and  s  its  south  pole.  Let  m  mf  represent 
the  moon,  and  r/i*  and  m'  *  the  direction  of  a  star  which  is  occulted 
by  it.  It  must  be  observed  that  tiie 
^  ,  distance  of  the  star  being  practically  in- 
finite compared  with  the  diameter  of 
the  moon,  the  Unee  m*  and  m'  *  are 
parallel.  Let  these  lines  be  supposed  to 
be  continued  to  meet  the  earth  at  /  and  f. 
Let  similar  lines,  parallel  to  these,  be 
imagined  to  be  drawn  through  all  points 
of  a  section  of  the  moon  made  by  a  plane 
at  right  angles  to  the  direction  <d  the 
star  passing  through  the  moon's  centre. 
Such  lines  would  form  a  cylindrical  ear- 
face,  the  base  of  which  would  be  the 
section  of  the  moon,  and  it  would  be 
intersected  by  the  surface  of  the  earth, 
a  portion  of  which  would  be  included 
within  it,  one-half  of  which  is  re- 
presented by  the  darkly  shaded  part  of 
the  earth  between  /  and  /'.  It  is  dear 
that  the  star  will  be  occulted  by  the 
moon  to  all  observers  situated  within 
this  space.  I 

While  this  cylindrical  space  is  car-    | 
ried  by  the  moon's  orbital  motion  from 
west  to  east,  the  surface  of  the  earth  ini- 
oluded  between  the  parallels  of  latitude  /  n  and  /'  ii^,  is  also  carried 
ttom  west  to  east,  but  much  more  rapidly,  by  the  diumal  rotation. 


Fig.  91. 
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80  that  the  pbices  between  these  parallels  are  continually  overtaking 
the  cylindrical  space  which  limits  the  occultation. 

It  is  evident  that  beyond  /  n  and  If  n%  which  are  called  the 
''  limiting  parallels,''  no  occultation  can  take  place.  At  /  and  /' 
Hie  star  is  seen  jnst  to  touch  the  moon-s  limb  without  being  occulted, 
bat  within  those  limits  it  will  be  occulted.  The  middle  parallel, 
o  &  between  the  limited  parallels,  is  that  at  which  a  central  occul- 
tation is  seen,  and  where  therefore  the  duration  is  greatest.  The 
occultation  may  be  seen  from  any  place  upon  the  earth  which 
liee  within  the  shaded  zone,  and  wiU  be  seen  provided  the  pheno- 
menon occur  duiing  the  night,  and  that  the  star  at  the  time  be 
above  the  horizon  at  such  an  altitude  as  to  render  the  event 
observable. 

In  the  Nautical  Almanac  these  <' limiting  parallels  "  for  eveiy 
conspicuous  occidtation  are  tabulated,  as  well  as  the  data  neces- 
sary to  enable  an  observer  at  any  proposed  latitude  to  ascertain 
previously  whether  any  particular  occultation  will  be  observable. 

549.  Betermliiatloii  of  longltades  by  Imiar  ocenltatlona. 
—  In  common  with  all  phenomena  which  can  be  exactiy  predicted, 
and  whose  manifestation  is  instantaneous,  occultations  of  stars  by 
the  moon  are  eminentiy  useful  for  the  exact  determination  of 
longitudes.  The  frequency  of  their  occurrence  greatiy  increases 
their  utility  in  this  respect,  and,  although,  for  nautical  purposes, 
the  observer  cannot  always  choose  his  time  of  observation,  and 
therefore  cannot  be  left  dependent  on  them,  they  come  in  aid  of 
tiie  lunar  method  as  verifications ;  and  for  geographical  purposes 
on  land,  are  among  the  best  means  which  science  has  supplied. 
The  times  of  the  disappearance  and  reappearance  as  given  in  the 
Nautical  Almanac  being  only  approximate,  it  is  necessary  to 
compare  the  times  as  observed  at  any  particular  station  with  that 
observed  at  another  station,  as  at  Greenwich  for  example,  from 
•which  the  difference  of  longitude  of  the  two  places  is  inferred.        . 

550.  Ooevltattons  indicate  tbe  presence  or  absence  of  an 
atmosfAere  around  the  oeenltinv  body.  —  When  a  star  is 
occulted  by  the  disk  of  the  moon  or  planet,  its  brightness,  pre« 
viously  to  its  disappearance,  woidd  be  more  or  less  dimmed  by  the 
atmosphere  surrounding  such  object,  if  it  existed.  Such  a  gra* 
dual  decrease  of  brightness  previously  to  disappearance,  as  well  as 
a  like  increase  of  brightness  after  reappearance,  has  been  observed 
in  occultations  by  the  disks  of  planets,  but  never  by  the  disk  of  the 
mocm. 

It  is  hence  infeired  that  the  planets  have>  and  the  moon  has  not^ 
an  atmosphere. 

It  might  be  objected,  that  the  lunar  atmosphere  may  not  have 
fitffirient  den$ity  to  produce  any  sensible  diminution  of  brightness^ 
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Another  test  has,  however,  been  foond  in  the  e£fectirliidi  1^ 
refraction  of  an  atmoaphere  would  hare  in  decreaaing  the  dniatifla 
of  an  occultation.  No  such  decrease  being  observed,  it  is  inftnei 
that  no  atmosphere  exists  around  the  moon. 

551.  SlnfuHir^tatMUty  ofaalar1Wrt># ■■■ Miai 

•r  oocnltatloa* — Some  observers,  of  sufficient  weiglit  and  autho- 
rity to  command  general  confidence,  have  occasionally  witnessed 
a  phenomenon  in  occultations  known  as  the  projectioii  of  a  star  €■ 
the  disk  of  the  moon.  According  to  them^  it  sometimea  bappsBs 
that  after  the  occulted  star  has  appaxentlj  passed  behind  the  limb 
of  the  moon  it  continues  to  be  seen,  and  even  for  some  aeoonds, 
notwithstanding  the  actual  interposition  of  the  body  of  the  moeo. 
If  this  be  not  an  optical  illusion,  and  if  the  visual  rays  aetaaliy 
come  straight  to  the  observer,  they  must  pass  through  a  deep 
fissure  in  the  moon.  Such  a  supposition  is  compatiUe  only  -mhk 
the  rare,  and  apparently  fortuitous,  occurrence  of  the  pheponiepon. 
The  general  opinion  of  astronomen,  however,  is  tiiat  the  pheno- 
menon of  the  projection  of  a  star  on  the  moon's  disk  can  be  ex- 
plained in  most  cases  by  the  general  principles  of  ixradiatian. 
This  singular  visibility  of  a  star  after  the  commencement  of  the 
occultation,  would  obviously  be  a  direct  consequence  of  inadiatian, 
if  we  assume  that  the  image  of  the  moon's  limb  is  sometames 
spuriously  enlarged  by  some  optical  defect  in  the  instnuneDi  or 
the  observer,  and  that  the  image  of  the  star  b  therdbre  seen 
through  this  imperfect  limb,  being  really  a  false  impreaaion  00 
the  visual  organs  of  the  observer,  created  by  the  above  defects 

In  the  Memoin  of  tMs  Boytd  Adronomical  Sodehfy  voL  xxviii^ 
the  Astronomer  Royal  has  treated  this  subject  at  some  length,  and 
has  collected  every  reliable  instance  of  recorded  projection  of  a 
star  on  the  moon's  disk.     From   1699  to  1857,  seventy-four 
cases  have  been  noticed  by  astronomers  of  various  countries,  and 
of  the  highest  authority.   Mr.  Aiiy  remarks  that,  *'  It  is  to  be  con- 
ceived that  every  luminous  point  of  the  moon'sdisk  is  accompanied 
with  a  system  of  rings;  and  therefore,  that  the  aggregate  of  light 
produced  by  the  aggregate  of  all  the  luminous  points  of  the  moon's 
disk,  is  not  a  luminous  image  bounded  by  a  sharp  outline  at  what 
we  consider  the  geometrical  outline  of  the  image,  but  that  the  geo- 
metrical outline  is  fHnged  by  a  band  of  iUuminationf  produced  by 
the  interlacing  and  superposition  (not  interference)  of  all  the  systems 
of  rings;  and  as  the  light  from  the  diffisrent  sources  is  actually  supers 
posed  and  aggregated,  it  is  certain  that  there  must  be  a  considenble 
quantity  of  light  external  to  the  geometrical  limb ;  and  when,  with 
a  veiy  fine  telescope,  we  see  the  moon's  limb  very  sharply  defined, 
and  apparently  surrounded  by  immediate  dariniees,we  do  in  reality 
see  it  erroneously.  Probably  some  operation  of  the  mind,  under  ths 
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eoDTiction  that  Uie  outUne  of  light  ought  to  fall  in  a  given  curve, 
acts  on  the  animal  fsMniltj  of  Benaation  bo  aa  to  incapacitate  the 
viaoal  oiigana  from  percdying  the  fainter  light  hejond  that  curve.'' 
Mr.  Aixy  considers  that  his  explanations  of  these  curious  pheno- 
mena bring  them  under  the  general  category  of  irradiation.  But 
it  is  a  kind  of  irradiation  which  exists  at  one  time  but  not  at 
another,  which  is  seen  at  the  same  place  by  one  observer,  but  is 
mmotioed  by  others,  and  that  sometimes  it  remains  apparently 
constant  for,  at  least,  several  seconds  of  time,  and  sometimes 
Tsries  from  instant  to  instant  These  phenomena,  however,  form 
an  interesting  subject  for  future  investigation. 

552.  Siiivest«d  application  of  lunar  oocnltatlOBs  to  resolve 
Aoublo  stars. — Sir  J.  Herschel  thinks  that  these  occultations 
"would  supply  means  of  ascertaining  the  double  character  of  some 
stars,  the  individuals  suspected  to  compose  which  are  too  close 
together  to  be  divided  by  any  telescope.  He  thinks,  nevertheless, 
tiiat  they  might  disappear  in  perceptible  succession  behind  the 
edge  of  the  moon's  disk.  It  does  not  seem  to  be  easy  to  conceive 
how  such  an  eflbct  can  be  expected  in  a  case  where  the  most 
powerful  telescopes  have  foiled  to  resolve  the  stars. 

553.  •ooaltatloiis  by  Satom's  rlnys.  —  In  the  case  of  stars 

occulted  by  Saturn's  rings,  a  reappearance  and  second  disappear* 

snce  may  be  seen  in  the  open  space  between  the  ring  and  the 

planet    It  has  been  affirmed  also,  that  a  momentary  reappearance 

of  a  star,  in  the  space  which  intervenes  between  the  rings,  has  been 

witnessed.    This  observation  does  not,  however,  seem  to  have  been 

repeated,  notwithstanding  the  recent  improvements  in  the  telescope, 

and  the  increased  number  of  observers.    The  passage  of  the 

planet,  in  a  favourable  phase  of  the  ring,  through  the  neighbour* 

hood  of  the  milky  way,  which  is  so  l^ckly  strewed  with  stars, 

would  affinrd  an  opportunity  of  testing  this,  and  might  also  supply 

decisive  evidence,  positive  or  negative,  upon  the  question  of  the 

existence  of  more  than  two  concentric  rings.    If  other  black  streaks 

seen  upon  the  sur&ce  of  the  ring  be,  like  the  principal  one,  real 

openings  between  a  multiple  system  of  rings,  the  stars  sprinkled 

in  such  countless  numbers  over  the  regions  of  the  galaxy,  and  the 

adjacent  parts  of  the  finnament,  woiild  be  seen  to  flash  between 

ring  and  ring,  as  the  planet  passes  before  theuL  Such  observations, 

however,  would  require  in  the  telescope  the  very  highest  attainable 

degree  of  optical  perfection. 
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CHAPTER  XVra. 

COMETS, 

I.  CoicEiABT  Orbits. 

554.  yrosol«Bee  of  tb«  astronomer. —  For  the  dril  and  poli« 
tical  historian  the  past  alone  has  existence — the  present  he  nrefy 
apprehends;  the  fature  never.    To  the  historian  of  acienoe  it  is 
permitted,  however,  to  penetrate  the  depths  of  past  and  future  wilii 
equal  clearness  and  certainty :  facts  to  come  are  to  him  as  preeeot 
and  not  unfrequently  more  assured  than  facts  which  are  passed. 
Although  this  clear  perception  of  causes  and  consequences  cha- 
racterises the  whole  domain  of  physical  science,  and  clothes  the 
natural  philosopher  with  powers  denied  to  the  political  and  moral 
inquii'er,  yet  foreknowledge  is  eminently  the  privilege  of   the 
astronomer.    Nature  has  raised  the  curtain  of  futurity,  and  dis- 
played before  him  the  succession  of  her  decrees,  so  far  as  they  afiect 
the  physical  universe,  for  countless  ages  to  come ;  and  the  revela- 
tioDS  of  which  she  has  made  him  the  instrument,  are  supported  and 
verified  by  a  never-ceasing  train  of  predictions  fufSlled.     He 
"shows  us  the  things  which  will  be  hereafter/'  not  obscurely 
shadowed  out  in  figures  and  in  parables,  as  must  necessarily  be  tho 
case  with  other  revelations,  but  attended  with  the  most  minute 
precision  of  time,  place,  and  circumstance.    He  converts  the  hours 
as  they  roll  into  an  ever-present  miracle,  in  attestation  of  those 
Uws  which  his  Creator  through  him  has  unfolded ;  the  sun  cannot 
rise — the  moon  cannot  wane — a  star  cannot  twinkle  in  the  fir- 
mament, without  bearing  witness  to  the  truth  of  his  prophetic 
records.    It  bas  pleased  the  ^'Lord  and  Gk>vemor*'  of  the  woiid, 
in  His  inscrutable  wisdom,  to  bafile  our  inquiries  into  the  nature 
<lnd  proximate  cause  of  that  wonderful  faculty  of  intellect — that 
image  of  his  own  essence  which  he  has  conferred  upon  us;  nay, 
the  springs  and  wheelwork  of  animal  and  vegetable  vitality,  aro 
concealed  from  our  view  by  an  impenetrable  veil,  and  the  pride  of 
philosophy  is  humbled  by  the  spectacle  of  the  physiologist  bendio^ 
in  fruidess  ardour  over  the  dissection,  of  the  human  brain,  and 
peering  in  equally  unproductive  inquiry  over  the  gambols  of  an 
animalcule.    But  how  nobly  is  the  darkness  which  envelopes 
metaphysical  inquiries  compensated  by  the  flood  of  light  which  ii 
shed  upon  the  physical  creation  I     There  all  is  harmony,  and  order, 
and  majesty,  and  beauty.    From  the  chaos  of  social  and  political 
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phenomena  ezlnbited  in  human  records --phenomena  miconiiected 
to  our  imperfect  viBion  bj  any  discoverable  law,  a  war  of  passiontf 
and  prejudices^  governed  bj  no  apparent  purposOi  tending  to  no 
apparent  end,  and  setting  idl  int^igible  order  at  defiance — how 
soothing  and  yet  how  elevating  it  is  to  turn  to  the  splendid 
spectacle  which  offers  itself  to  the  habitual  contemplation  of  the 
astronomer  I    How  favourable  to  the  development  of  all  the  best 
and  highest  feelings  of  the  soul  are  such  objects  t  tho  only  passion 
they  inspire  being  the  love  of  truth,  and  the  chiefest  pleasure  of 
their  votaries  arising  £rom  excursions  through  the  imposing  scenery* 
of  the  universe-^scenery  on  a  scale  of  grandeur  and  magnificence 
compared  with  which  whatever  we  are  accustomed  to  call  sub- 
limity on  our  planet  dwindles  into  ridiculous  insignificancy.    Most 
justly  has  it  been  said,  that  nature  has  implanted  in  our  bosoms  a 
craving  after  the  discovery  of  truth,  and  assuredly  that  glorious 
instinct  is  never  more  irresistibly  awakened  than  when  our  notice 
is  directed  to  what  is  going  on  in  the  heavens.    *^  Quoniam  eadeni 
Natura  cupiditatem  ingenuit  hominibus   veri  inveniendi,  quod 
facfllime  apparet,  cum  vacui  curis,  etiam  quid  in  coelo  fiat,  scire 
avemus ;  his  initiis  inducti  onmia  vera  diligimus ;  id  est,  fidelia, 
simplicia,  constantia;  tum  vana,  falsa,  fallentia  odimus."  * 

555.  Strlklafflar  tllnstrated  by  oometary  disoovery. — Such 
reflections  are  awakened  by  every  branch  of  the  science  which  now 
engages  us,  but  by  none  so  strongly  as  by  the  history  of  cometary 
discovery.  No  where  can  be  found  so  marvellous  a  series  of  phe-> 
homena  foretold.  The  interval  between  the  prediction  and  its  ful- 
filment has  sometimes  exceeded  the  limits  of  human  life,  and  one 
generation  has  bequeathed  its  predictions  to  another,  which  has 
been  filled  with  astonishment  and  admiration  at  witnessing  their 
literal  accomplishment. 

556.  Motion  of  eometa  explained  bf  gravitstloa. — In  the 
vast  framework  of  the  theory  of  gravitation  constructed  by  Newton, 
places  were  provided  for  the  arrangement  and  exposition  not  only  of 
all  the  astronomical  phenomena  which  the  observation  of  all  pre- 
ceding generations  had  supplied,  but  also  for  a  far  greater  mass  which 
the  more  fertile  and  active  research  of  the  generations  which  suc- 
ceeded him  have  furnished.  By  this  theory,  as  we  have  seen,  all 
the  known  planetary  motions  were  explained,  and  planets  previously 
unaeen  were  felt  by  their  effects,  their  places  ascertained,  and  the 
telescope  of  the  observer  guided  to  them. 

But  transcendently  the  greatest  triumph  of  this  celebrated  theoi^ 
was  the  exposition  it  supplied  of  the  physical  laws  which  govern  the 
motions  of  comets  as  distinguished  from  those  which  prevail  among 
the  planets. 

*  Cicero:  De  FUibui  Bfrnornm  ^  Matommf  fi.  14. 
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557.  O—ditlooM  Imp— a  ••  tbm  •rbH»  9t H^dJw  1 
•«^«et  t*  tiM  mttraetlMi  vT  simTtttttton.  —It  is  proTed  in  tke 
propodtioos  demonstrated  in  the  iint  book  of  Newton's  Principis, 
which  propositions  fonn  in  substance  the  groond-woiic  of  the  entire 
theoiy  of  gravitation,  that  a  bodj  which  is  under  the  influence  of  a 
central  force,  the  intensity  of  which  decreaaes  ss  the  square  of  the 
distance  increases,  must  move  in  one  or  other  of  the  curves  hnowa 
to  geometers  as  the  ''oonic  sscnovs,''  bdng  those  whidi  are  formed 
by  the  intersection  of  the  sur&oe  of  a  cone  by  a  plane,  and  that  the 
centre  of  attraction  must  be  in  the  focub  of  the  curve;  and  in  order 

to  prove  that  such  curves  an 
compatible  with  no  other  law 
of  attraction,  and  may  therefbie 
be  taken  as  conclusive  evidence 
of  the  existence  of  this  law,  it 
is  ftirther  demonstrated  that 
whenever  a  body  is  observed 
to  move  round  a  centxe  of  at- 
traction in  any  one  of  these 
curves,  that  centre  being  its 
focus,  the  law  of  the  attraction 
will  be  that  of  gravitation ;  that 
is  to  say,  its  intensity  will  vsij 
in  the  inverse  proportion  of  tiie 
square  of  the  distance  of  the 
moving  body  &om  the  centre  of 
force. 

Subject  to  these  limitations, 
however,  a  body  may  move 
round  the  sun  in  any  orbit,  at 
any  distance,  in  any  plane,  and 
in  any  direction  whatever.  It 
may  describe  an  ellipse  of  any 
excentridty,  from  a  perfect 
circle  to  the  most  elongated 
ovaL  This  ellipse  may  be  in 
any  plane,  from  that  of  tiie 
ecliptic  to  one  at  right  angles 
to  it,  and  the  body  may  move 
in  such  ellipses  either  in  the 
same  direction  as  the  earth  or 
in  the  contrary  direction.  Or 
the  body  thus  subject  to  solar 


fig.  9|. 


attrsx^n  may  move  in  a  parabola  with  its  point  of  perihelion  at 
any  distance  whatever  from  the  sun,  either  grazing  its  veiy  sur&os 
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or  gweeping  beyond  the  arhit  of  Neptune,  or^  it  may  sweep  round 
the  sun  in  an  hyperbola,  entering  and  leaving  the  system  in  two 
divergent  directions. 

To  render  these  explanations,  which  are  of  the  greatest  interest 
and  importance  in  relation  to  the  subject  of  comets,  more  dearly 
understood,  we  have  represented  in^.  93,  the  forms  of  a  very  ex- 
centric  ellipse,  ab  of  i/fA  parabola  a  p  p\  and  an  hyperbola  a  h  h\ 
having  9  as  their  common  focus,  and  it  will:  be  convenient  to  ex- 
plain in  the  first  instance  the  relative  magnitude  of  some  important 
lines  and  distances  connected  with  these  orbits. 

558.  Xlllptie  orbits. — Ellipses  or  ovals  vary  without  limit, 
in  their  excentricity.  A  circle  is  regarded  as  an  ellipse  whose 
excentricity  is  nothing.  The  orbits  of  the  planets  generally  are 
ellipses,  but  having  excentricities  so  small  that,  if  described  on  a 
large  scale  in  their  proper  proportions  on  paper,  they  would  be 
distinguishable  j&om  circles  only  by  measuring  accurately  the  di- 
mensions taken  in  different  directions,  and  thus  ascertaining  that 
they  are  longer  in  a  certain  direction  than  in  another  at  right 
angles'  to  it  A  very  excentric  and  oblong  ellipse  is  delineated  in 
Jig,  93,  of  which  a  of  \a  the  major  axis.    The  focus  being  «,  the 

perihelion  distance  is  «a,  and  Uie  aphelion  distance  is  «  a',  the 
mean  distance  a  being  a  c,  or  half  the  major  axis. 

If  a  body  move  in  a  very  excentiic  ellipse,  such  as  that  represented 
in^.  93,  whose  plane  coincides  exactly  or  nearly  with  the  common 
plane  of  the  planetary  orbits,  it  may  intersect  the  orbits  of  several 
or  all  of  the  planets,  as  it  is  represented  to  do  in  the  figure,  although  • 
its  mean  distance  from  the  sun  may  be  less  than  the  mean  distance 
of  several  of  those  which  it  thxis  intersects.  The  aphelion  distance 
of  such  a  body  may,  therefore,  greatly  exceed  that  of  any  planet ; 
while  its  mean  distance  may  be  less  ^an  that  of  the  more  distant 
planets. 

559.  VaraboUo  orbits. — The  form  of  a  parabolic  orbit  having 
the  same  perihelion  distance  as  the  elliptic  orbit  is  represented  at 
a  p'jp^^'mjig*  93.  This  orbit  consists  of  two  indefinite  branches, 
similar  in  form,  which  imite  at  perihelion  a.  Departing  from  this 
point  on  opposite  sides  of  the  axis  a  a',  their  curvature  regularly 
and  rapidly  decreases,  being  equal  at  equal  distances  from  peri- 
helion. The  two  branches  have  a  constant  tendency  to  assume  the 
direction  and  form  of  two  straight  lines  parallel  to  the  axis  a  a^. 
To  actual  parallelism,  and  still  less  to  convergence,  these  branches, 
however,  never  attain,  and  consequently  they  can  never  reunite. 
They  extend,  like  parallel  straight  lines,  to  an  unlimited  distance 
without  ever  reuniting,  but  asHuming  directions  when  the  distance 
from  the  focus  bears  a  high  ratio  to  the  perihelion  distance^  which 
are  practically  undistinguiflhable  from  parallelism. 
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One  panJx>lic  orbit  differs  firom  another  in  its  perihelioai  <i^fl**— ^^ 
The  less  this  distance  is,  the  less  will  be  the  separation  at  a  gircA 
distance  from  s  between  the  parallel  directions  to  which  the  inde- 
finite branches  p  j/  tend.  This  distance  may  have  any  magmtode. 
The  body  in  its  perihelion  may  graze  the  surface  of  the  son,  or 
may  pass  at  a  distance  from  it  greater  than  that  of  the  most  ranote 
of  ^e  planets,  so  that,  although  it  be  subject  to  solar  attractioiiy  it 
would  in  that  case  never  enter  within  the  limits  of  the  solar  syBtem 
atalL 

A  body  moving  in  such  an  orbit,  therefore,  would  not  make,  like 
one  which  moves  in  an  ellipse,  a  succession  of  levolutionB  round  tiie 
sun ;  nor  can  the  term  periodic  time  be  applied  at  all  to  its  motioii. 
It  enters  the  system  in  some  definite  direction,  such  Bsp^p,  as  indi- 
cated by  the  arrow,  firom  an  indefinite  distance.  Arriving  within  the 
sensible  influence  of  solar  gravitation,  the  efiects  of  this  attractioo 
are  manifested  in  the  curvation  of  its  path,  which  gradually  increasea 
as  its  distance  from  the  sun  decreases,  until  it  arrives  at  perihelioQ, 
where  the  attractive  force,  and  consequently  the  curvature,  attais 
their  maxima.  The  extreme  velocity  which  the  body  attains  at 
this  point  produces,  in  virtue  of  the  inertia  of  the  moving-  mass,  a 
centnfugal  force,  which  counteracts  the  gravitation,  and  the  bodj^ 
after  passing  perihelion,  begins  to  retreat;  the  solar  gravitation 
and  the  curvature  of  its  path  decreasing  together,  nntil  it  issues 
from  the  system  in  a  direction  j?  //,  as  indicated  by  the  anowB, 
which  is  nearly  a  straight  line,  and  parallel  to  that  in  which  it 
entered.  In  such  an  orbit  a  body  therefore  visits  the  system  but 
once.  It  enters  in  a  certain  direction  from  an  indefinite  distance, 
and,  passing  through  its  perihelion,  issues  in  a  parallel  direction, 
passing  to  an  imlimited  distance,  never  to  return. 

(6a  Bjrperbolle  orblta. — This  class  of  orhiiSf  like  the  para- 
bolas, consist  of  two  indefinite  branches,  which  unite  at  perihelion^ 
which  at  equal  distances  firom  perihelion  have  equal  curvatures,  and 
which,  as  tiie  distance  from  perihelion  increases,  i^proach  inde- 
finitely in  direction  and  form  to  straight  lines,  but,  unlike  the 
parabolic  orbits,  the  straight  lines  to  whose  direction  the  two 
branches  approximate  are  divergent  and  not  paralleL 

Such  an  orbit  having  the  same  perihelion  distance  as  the  ellipae 
and  parabola,  is  represented  by  a  A  h\ 

In  the  ^.  93,  tiie  orbits  circular,  elliptic,  parabolic,  and  hyper- 
bolic, are  necessarily  represented  as  being  all  in  the  same  plane.  It 
must,  however,  be  understood,  that,  so  far  as  any  conditions  are 
imposed  upon  them  by  the  law  of  gravitaden,  they  may  severally 
be  in  any  planes  whatever,  inclined  each  to  the  other  at  any 
angles  whatever  from  o^  to  90^,  with  their  mutual  intersections 
or  lines  of  nodes  in  any  directions  whatever^  and  that  the  bodies 
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may  moTe  in  these  sereral  orbits,  in  any  directions,  how  opposed 
soever  to  each  other. 

561.  Vlanets  observe  In  tbeir  motioiu  order  not  ezaeted 
l>y  tlia  law  of  graTitation. — When  the  theory    of  gravitation 
"was  first  propounded  hj  its  illustrious  author,  no  other  bodies,  save 
the  planets  and  satellites  then  discovered,  were  known  to  move 
under  the  influence  of  such  a  central  attraction.    These  bodies, 
however,  supplied  no  example  of  the  play  of  that  celebrated  theory 
in  its  full  latitude.    They  obeyed,  it  is  true,  its  laws,  but  they  did 
much  more.    They  displayed  a  degree  of  harmony  and  order  far 
exceeding  what  the  law  of  gravitation  exacted.    Permitted  by  that 
law  to  move  in  any  of  the  three  classes  of  conic  sections,  their  paths 
were  exclusively  elliptical;    permitted  to  move  in  ellipses  in- 
finitely various  in  their  excentricities,  they  moved  exclusively  in  such 
as  differed  almost  insensibly  firom  circles ;   permitted  to  move  at 
distances  subordinated  to  no  regular  law,  they  moved  in  a  series  of 
orbits  at  distances  increasing  in  a  regular  progression;  permitted  to 
move  at  all  conceivable  angles  with  the  plane  of  the  ecliptic,  their 
paths  are  inclined  to  it  at  angles  limited  in  general  to  a  few  degrees ; 
permitted,  in  fine,  to  move  in  either  direction,  they  all  agreed  in 
moving  in  the  direction  in  which  the  earth  moves  in  its  annual 
course. 

Accordance  so  wonderful  and  order  so  admirable,  could  not  be 
fortuitous,  and,  not  being  enjoined  by  the  conditions  of  the  law 
of  gravitation,  must  either  be  ascribed  to  the  immediate  dictates  of 
the  Omnipotent  Architect  of  the  universe  above  all  general  laws,  or 
to  some  general  laws  superinduced  upon  gravitation,  which  had  es- 
caped the  sagacity  of  the  discoverer  of  that  principle.  •  If  the  former 
supposition  were  adopted,  some  bodies,  different  in  their  physical 
characters  from  the  planets,  primary  and  secondary,  and  playing 
diflforent  parts  and  fulfilling  different  functions  in  the  economy  of  the 
univerae,  might  still  be  found,  which  would  illustrate  the  play  of 
gravitation  in  its  full  latitude,  sweeping  round  the  sun  in  all  forms 
of  orbit  excentric,  parabolic,  and  hyperbolic,  in  all  planes,  at  all 
distances,  and  indifferently  in  both  directions.    If  the  latter  sup- 
position were  accepted,  then  no  other  orbit,  save  ellipses  of  small 
excentricity,  with  planes  coinciding  nearly  with  that  of  the  ecliptic 
would  be  phjrsically  possible. 

562.  Oomets  obserre  no  saoli  order  In  tbeir  motioiis.  — 
The  theory  of  gravitation  had  not  long  been  promulgated,  nor  as 
yet  been  genenJly  accepted,  when  the  means  of  its  further  verifica- 
tion were  sought  in  the  motion  of  comets.  Hitherto  these  bodies 
had  been  regarded  as  exceptional  and  abnormal,  and  as  being 
exempt  altogether  firom  the  operation  of  the  law  and  order  which 
prevailed  in  a  manner  so  striking  among  the  members  of  the  solar 
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systeiiL  So  little  attention  had  been  given  to  comets  that  it  had 
not  been  certainly  ascertained  whether  thej  were  to  be  claned  as 
meteoric  or  coemical  phenomena;  whether  their  tiieatre  was  the 
regions  of  the  atmosphere,  or  the  yast  spaces  in  which  the  great 
bodies  of  the  miiverse  moye.  Their  apparent  poaitiona  in  the 
heavens  on  varioos  occasions  of  the  appearances  of  the  moat 
conspicuous  of  them  had  nevertheless  been  from  time  to  time  £ar 
some  centuries  observed  and  recorded  with  such  a  degree  of  preciaio& 
as  the  existing  state  of  astronomical  science  permitted ;  and  even 
when  their  places  were  not  astronomically  ascertained,  the  date  ai 
their  appearance  was  generally  preserved  in  the  historic  reooida, 
and  in  many  cases  the  constellations  through  which  they  passed 
were  indicated,  so  that  the  means  of  obtaining  at  least  a  rude  approx- 
imation to  their  position  in  the  firmament  were  thus  supplied. 

563.  Tliey  moTe  tnoonic  aeotioBSy  with  the  svn  t&r  the 
foens.  —  Such  observations,  vague,  scattered,  and  inexact  as  th^ 
were,  supplied,  however,  data  by  which,  in  several  cases,  it 
was  possible  to  compute  the  real  motion  of  these  bodies  through 
space,  their  positions  in  relation  to  the  sun,  the  earth,  and 
^e  planets,  and  the  paths  they  followed  in  moving  through  the 
system,  with  sufficiently  approximate  accuracy  to  conclude  with 
certainty  that  they  were  one  or  other  of  the  conic  sections^  tiie 
place  of  the  sun  being  the  focus. 

This  was  sufficient  to  bring  these  bodies  under  the  general 
operation  of  the  attraction  of  gravitation. 

It  still  remained,  however,  to  determine  more  exactly  the  specific 
character  of  these  orbits.  Are  they  ellipses  more  or  less  excentric? 
or  parabolas  P  or  hyperbolas  P  —  Ajiy  of  the  three  classes  of  orbits 
would,  as  has  been  shown,  be  equally  compatible  with  the  law  of 
gravitation. 

564.  Dllllenlty  of  aaeertalnlnff  In  what  apeeiea  of  oonle 
•ectloii  a  oomet  moTos. —  It  might  be  supposed  that  the  same 
course  of  observation  as  that  by  which  the  orbit  of  a  planet  is 
traced  would  be  applicable  equally  to  comets.  Many  circumstances, 
however,  attend  this  latter  class  of  bodies,  which  render  such 
observations  impossible,  and  compel  the  astronomer  to  leaort  to 
other  means  to  determine  their  orbits. 

A  spectator  stationed  upon  the  earth  keeps  within  his  -view 
each  of  the  other  planets  of  the  system  throughout  nearly  the 
whole  of  its  course.  Indeed,  there  is  no  part  of  the  oibit  of  any 
planet  at  which,  at  some  time  or  other,  it  may  not  be  eeem  from 
the  earth.  Every  point  of  the  path  of  each  planet  can  therefore 
be  observed  ,*  and,  although  without  waiting  for  such  observatioQ, 
its  course  might  be  determined,  yet  it  is  material  here  to  attend 
to  the  fact,  that  the  whole  orbit  maybe  submitted  to  direct  obser- 
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vatioD.  The  different  planets,  also,  present  peculiar  features  by 
which  each  may  he  distinguished.  Thus,  as  has  been  explained, 
they  are  observed  to  be  spherical  bodies  of  yarious  magnitudes. 
Their  surfaces  are  marked  by  peculiar  modes  of  light  and  shade, 
which,  although  variable  and  shifting,  still,  in  each  case,  possess 
some  prevailing  and  permanent  characters  by  which  the  identity  of 
the  object  may  be  established^  even  were  there  no  other  means  of 
determining  it 

Unlike  planets,  comets  do  not  present  to  us  those  individual 
characters  above-mentioned,  by  which  their  identity  may  be 
determined.  None  of  them  have  been  satLsfactorily  ascertained  to 
be  spherical  bodies,  nor  indeed  to  have  any  definite  shape.  It  is 
certain  that  many  of  them  possess  no  solid  matter,  but  axe  masses 
consisting  of  some  nearly  transparent  substances;  others  are  so 
surrounded  with  this  apparently  vaporous  matter,  iJiat  it  is  impos- 
sible, by  any  means  of  observation  which  we  possess,  to  discover 
whether  this  vapour  enshrouds  within  it  any  solid  mass.  The 
same  vapour  which  thus  envelopes  the  body  (if  such  there  be 
within  it)  also  conceals  from  us  its  features  and  individual  character. 
Even  the  limits  of  the  vapour  itself,  if  vapour  it  be,  are  subject  to 
great  change  in  each  individual  comet.  Within  a  few  days  they 
are  sometimes  observed  to  increase  or  diminish  some  hundred-fold. 
A  comet  appearing  at  distant  intervals  presents,  therefore,  no  very 
obvious  means  of  recognition.  A  like  extent  of  surrounding 
vapour  would  evidently  be  a  fallible  test  of  identity ;  and  not  less 
inconclusive  would  it  be  to  infer  diversity  from  a  dijOTer^t  extent 
of  nebulosity. 

If  a  comet,  like  a  planet,  revolved  round  the  sun  in  an  orbit 
nearly  circular,  it  might  be  seen  in  every  part  of  its  path,  and  its 
identity  might  thus  be  established  independently  of  any  peculiar 
characters  in  its  appearance.  But  such  is  not  ^e  course  which 
comets  are  observed  to  take. 

In  general  a  comet  is  visible  only  throughout  an  arc  of  its  orbit, 
which  extends  to  a  certain  limited  distance  on  each  side  of  its 
perihelion.  It  first  becomes  apparent  at  some  point  of  its  path, 
such  as  ff,  gfy  or  ^'^fig*  93 ;  it  approaches  the  sun  and  disappears 
after  it  passes  a  corresponding  point  g,  /,  or  /^,  in  departing  from 
the  sun.  The  arc  of  its  orbit  in  which  alone  it  is  visible  would 
therefore  be  y  «  ^,  /  a  /,  or  /'  a  /'. 

If  this  arc,  extending  on  either  side  of  perihelion,  could  always 
be  observed  with  the  same  precision  as  are  the  planetaiy  orbits^  it 
would  be  possible,  by  tiie  properties  of  the  conic  sections,  to  deter- 
mine not  only  tiie  general  character  of  the  orbit,  whetiier  it  be  an 
ellipee,  or  parabola,  or  an  hyperbola,  but  even  to  ascertain  the 
individual  curve  of  the  one  Idnd  or  the  other  in  which  the  comet 
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moYes,  80  that  the  course  it  followed  before  it  became  visible^  m 
well  as  that  which  it  parsues  after  it  ceases  to  be  Tisible,  would  be 
as  oertaiiil J  and  precisely  known  as  if  it  cotdd  be  traced  bj  direct 
observation  throoghout  its  entire  orbit 

565.  XjperboUe  and  praboMe  oMnets  not  p«rloaie. — If 
it  be  ascertained  that  the  arc  in  which  the  comet  moToa  while  it 
is  Tisible  is  part  of  an  hyperbola,  such  as  ^  a  ^,  it  will  be  inferred 
that  the  comet  coming  firom  some  indefinitely  distant  region  of  the 
universei  has  entered  the  system  in  a  certain  direction,  kf  A,  which 
can  be  inferred  from  the  visible  Btcg  ag,  and  that  it  most  depart 
to  another  indefinitely  distant  region  of  the  nniverse  following  the 
direction  h  K,  which  is  also  ascertained  from  the  visible  arc  ^  «  ^. 

If,  on  the  other  hand,  it  be  ascertained  that  the  visible  arc,  soeh 
as  ^  a  ^,  be  part  of  a  parabola,  then,  in  like  manner  by  the  pro- 
perties of  that  curve,  it  will  follow  that  it  entered  ^e  sy^em 
coming  from  an  indefinitely  distant  region  of  the  imiverae  in  a 
certain  direction,  j//>,  whidi  can  be  inferred  from  the  visible  arc 
^  a  ^,  and  that  after  it  ceases  to  be  visible,  it  will  issue  from  the 
system  in  another  determinate  direction, /»//,  parallel  to  tliat  by 
which  it  entered. 

The  comet,  in  neither  of  these  cases,  would  have  a  periodic 
character.  It  would  be  analogous  to  one  of  those  occasional 
meteors  which  are  seen  to  shoot  across  the  firmament  never  again 
to  reappear.  The  body,  arriving  from  some  distant  region,  and 
coming,  as  would  appear,  fortuitously  within  tJie  solar  attractkm, 
is  drawn  trom  its  course  into  the  hyperbolic  or  parabolic  path,  which 
it  is  seen  to  pursue,  and  escapes  frx>m  the  solar  attraction,  iasuing 
from  the  system  never  to  return.  The  phenomenon  would  in  each 
case  be  occasional,  and,  in  a  certain  sense,  accidental,  and  the  body 
could  not  be  said  properly  to  belong  to  the  system.  So  fro*  as  re- 
lates to  the  comet  itself  the  phenomenon  would  consist  in  a  change 
of  the  direction  of  its  course  through  the  universe,  operated  by 
the  temporary  action  of  solar  gravitation  upon  it. 

566.  Xlllptio  oomata  pertodlo  Uka  tba  planets.  —  But  the 
case  is  very  different,  the  tie  between  the  comet  and  the.  system 
much  more  intimate,  and  the  interest  and  physical  importance  of 
the  body  transcendency  greater  when  the  arc,  such  as  ^'  a  g^\ 
proves  to  be  part  of  an  eUipse.  In  that  case,,  the  invisible  part  of 
the  orbit  being  inferred  from  the  visible,  the  major  axis  a  cf  would 
be  knovni.  The  comet  would  possess  the  periodic  character, 
making  successive  revolutions  like  the  planets,  and  returning  to 
perihelion  a  after  the  lapse  of  its  proper  periodic  time,  idiich  could 
be  inferred  by  the  harmonic  law  from  the  magnitude  of  its  major 
axis. 

Such  a  body  will  then  not  be,  like  those  which  foUow  hyperbolio 
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or  jMurabolic  paUu,  an  occasional  yiaitor  to  the  system^  connected 
-wii^  it  by  no  permanent  relation^  and  subject  to  solar  grayitation 
only  accidentally  and  temporarily.  It  wotdd,  on  the  contraiy,  be  as 
permanent,  if  not  as  strictly  regular,  a  membor  of  the  system  as  any 
of  the  planets,  though  invested,  as  will  presently  appear^  with  an 
extremely  different  physical  character. 

It  will  therefore  be  easily  conceived  with  what  profound  interest 
comets  were  regarded  before  the  theory  of  gravitaticm  had  been  yet 
firmly  established  or  generally  accepted,  and  while  it  was,  so  to 
speak,  upon  its  trial.  These  bodies  were,  in  hd,  locked  for  as  the 
wilaiesses  whose  testimony  must  decide  its  fate. 

567.  IMfloiatiea  «tteBdlnr  tbe  analjsls  of  oometarjr 
motloiifl. — Difficulties,  however,  which  seemed  almost  insur- 
mountable, opposed  themselves  to  the  satisfactory  and  conclusive 
analysis  of  their  motions.  Many  causes  rendered  the  observations 
upon  their  apparent  places  few  in  number  and  deficient  in  preci- 
sion. The  ares  ff  a  ff,  g^  a  g^,  and  ^^  a  g'\  of  the  three  classes  of 
orbit  in  any  of  which  they  might  move  without  any  violation  of 
the  law  of  gravitation,  wei^  veiy  nearly  coincident  in  tiie  neighbour- 
hood of  the  place  of  perihelion  a.  It  was,  for  example,  in  almost 
all  the  cases  which  presented  themselves,  possible  to  conceive  three 
difierent  curves,  an  ezcentric  ellipse,  such  aaabaf  l/,9t  parabola, 
such  OB  f/  poy  and  an  hyperbola,  such  as  A^  A  a,  so  related  that  the 
arcs  9  o  ff,  ff'  a  g',  and  /'  a  ff',  would  not  deviate  one  from  another 
to  an  extent  exceeding  tiie  errors  inevitable  in  cometaiy  observations. 
Thus  any  one  of  the  three  curves  within  the  limits  of  the  visible 
path  of  the  comet  might  with  equal  fidelity  represent  its  course. 
In  such  cases,  therefore,  it  was  impossible  to  infer,  firom  the  observa- 
tions alone,  whether  the  comet  belonged  to  the  class  of  hyperbolic 
or  parabolic  bodies,  which  have  no  periodic  character,  or  to  the 
elliptic,  which  has. 

568.  Periodioity  flloa«  proves  tlft«  •lUptlo  oharaoter.  --  The 
character  of  periodicity  itself,  which  belongs  exclusively  to  elliptic 
orbits,  supplied  the  means  of  surmounting  this  difficulty.  If  any 
observed  comet  have  an  elliptic  motion,  it  must  return  to  perihelion 
after  completing  its  revolution,  and  it  must  have  been  visible  on 
former  returns  to  that  position.  Not  only  ought  it  to  be  expected, 
therefore,  that  such  a  comet  would  re-appear  in  future  after 
absences  qf  equal  duration  (depending  on  its  periodic  time),  but 
that  its  previous  returns  to  perihelion  would  be  found  by  search- 
ing among  the  recorded  appearances  of  «uch  objects  for  any,  the 
dates  of  whose  appearance  might  correspond  with  the  supposed 
period,  and  whose  apparent  motions,  if  observed,  might  indicate  a 
real  motion  in  an  orbit,  identical  or  nearly  so  with  that  of  the  comet 
in  question. 
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If  the  motum  of  such  a  body  were  not  affected  by  any  other  force 
except  the  solar  attraction,  it  would  re-appear  after  each  succeanre 
revolution  at  exactly  the  same  point ;  would  follow,  while  visible, 
exactly  the  same  arc  ^^  a  ^^ ;  would  move  in  the  same  plane,  in- 
clined at  the  same  angle  to  the  ecliptic,  the  nodes  retaining  the  same 
places ;  and  would  arrive  at  its  perihelion  at  exactly  the  same  pooiit 
m,  and  after  exactly  equal  intervals. 

Now,  although  the  disturbing  actions  of  the  planets  near  which 
it  might  pass,  in  departing  from  and  returning  to  the  sun,  most  be 
expected  to  be  much  more  considerable  than  when  one  [idanet  i 
upon  another,  as  well  because  of  the  extreme  comparative  light 
of  the  comet,  as  of  the  great  excentricity  of  its  orbit,  which  i 
times  actually  or  nearly  intersects  the  paths  of  several  planets,  and 
especially  those  of  the  larger  ones,  yet  still  such  planetaiy  attrac- 
tions are  mfy  disturbances,  and  cannot  be  supposed  to  effiioe  th«t 
character  which  the  orbit  receives  from  the  predominant  force  of  the 
immense  mass  of  the  sun.  While  therefore  we  may  be  prepared  for 
the  possibility,  and  even  the  probability,  that  the  same  periodic 
comet  on  the  occasion  of  its  successive  re-appearances,  may  follow  a 
path/'  a  /'  in  passing  to  and  from  its  perihelion,  difl^ring  to  some 
extent  from  that  which  it  had  followed  on  previous  appearances,  yet 
in  the  main  such  difierences  cannot,  except  in  rare  and  exceptional 
cases,  be  very  considerable,  and  for  tiie  same  reason  the  intervals  be- 
tween its  successive  periods,  though  they  may  dififer,  cannot  be  sub- 
ject to  any  very  great  variation. 

569.  »erlodleity«  combined  witb  the  identic  of  tlie  ptttke 
wtalle  vrlalble,  eaf  bliahea  Identity. — K  then,  on  examining  the 
various  comets  whose  appearances  have  been  recorded,  and  whoee 
places  while  visible  have  been  observed,  and  on  computing  from  the 
apparent  places  the  arc  of  the  orbit  through  which  they  moved,  it 
be  found  Uiat  two  or  more  of  them,  while  visible,  moved  in  the  aame 
path,  the  presumption  will  be  that  these  were  the  same  body  re-ap- 
pearing after  having  completed  its  motion  in  an  elliptic  orbit ;  noir 
should  this  presumption  of  identity  be  hastily  rejected  because  of 
the  existence  of  any  discrepancies  between  the  observed  paths,  or 
any  inequality  of  the  intervals  between  its  successive  re-appear- 
ances, so  long  as  such  discrepancies  can  fairly  be  ascribed  to  the 
possible  disturbances  produced  by  planets  which  the  comet  might 
have  encountered  in  its  path. 

57a  Manj  oomets  reoorded — Aw  observed. — ^Many  comets, 
however,  have  been  recorded,  but  not  observed,  Historiana  have 
mentioned,  and  even  described,  their  appearances,  and  in  some 
cases  have  indicated  the  chief  constellations  through  which  such 
bodies  passed,  although  no  observations  of  their  i^parent  places 
have  been  transmitted  by  which  any  close  approximation  to  their 
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Actual  pAtiiB  could  be  made.  Neyertheless,  even  in  these  cases, 
some  clue  to  their  identification  is  supplied.  The  intervals  be- 
tureen  their  appearances  alone  is  a  highly  probable  test  of  identity. 
Thus  if  comets  were  regularly  recorded  to  haye  appeared  at  in- 
tervals of  fifty  years  (no  circumstance  afibrding  evidence  of  the 
diTersity  of  l^eee  objects),  they  might  be  assumed,  with  a  high 
degree  of  probability,  to 'be  the  successiye  returns  of  an  elliptic 
comet  haying  tiiat  interval  as  its  period. 

571.  COaasllloatloB  of  tiM  eometarjr  orblto. —  The  appear- 
ances of  about  400  comets  had  been  recorded  in  the  annaLs  of 
Tarious  countries  before  the  end  of  the  seventeenth  century,  the 
epoch  signalised  by  the  discoveries  and  researches  of  Newton.    In 
most  cases,  however,  the  only  circumstance  recorded  was  the  ap- 
pearance of  tiie  object,  accompanied  in  many  instances  with  detaUs 
bearing  evident  marks  of  exaggeration  respecting  its  magnitude, 
form,  and   splendour.     In    some  few  cases,  the  constellations 
through  which  the  object  passed  successively,  with  the  necessary 
dates,  are  mentioned,  and  in  some,  fewer  still,  observations  of  a 
rough  kind  have  been  handed  down.     From  such  scanty  data, 
eagi^y  sought  for  in  the  works  preserved  in  difierent  countries, 
more  especially  from  astronomical  records  preserved  in  China  from 
tike  earliest  ages,  sufficient  materials  have  been  collected  for  the 
computation,  with  more  or  less  approximation,  of  the  elements  of 
the  orbits  of  about  sixty  of  the  400  comets  above  mentioned. 

Since  the  time  of  Newton,  Halley,  and  their  contemporaries, 
observers  have  been  more  active,  and  have  had  the  conunand  of 
instruments  of  considerable  and  constantly  increasing  power  ,*  so 
that  eveiy  comet  which  has  been  visible  from  the  northern  hemi- 
sphere of  the  earth  since  that  time,  has  been  observed  with  con- 
tinually increasing  precision,  and  data  have  been  in  all  cases 
obtained,  by  which  the  elements  of  the  orbits  have  been  calculated. 
Since  the  year  1700,  accordingly,  more  than  160  have  been 
obseryed,  tiie  elements  of  the  ori>its  of  which  have  been  ascer- 
tained with  great  precision. 

It  appears,  therefore,  that  of  the  entire  number  of  comets  which 
have  appeared  in  the  firmament,  the  orbits  of  upwards  of  220  have 
been  ofnnputed.  Of  this  number  about  forty  have  been  ascer- 
tained, some  conclusively,  others  with  more  or  less  probability,  to 
revolve  in  elliptic  orbits. 

Several  have  passed  through  the  system  in  hyperbolas,  and 
ooDseqoently  will  not  visit  it  again,  unless  they  be  thrown  into 
other  orbits  by  some  disturii>ing  force. 

The  remainder,  and  by  far  the  greatest  number,  ]^ye  passed 
through  the  system  either  in  parabolic  orbits,  or  in  ellipses  of  such 
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extreme  excentridty  ae  to  be  undistmguishablefirom  panboias  hf 
any  data  supplied  by  the  obseryationa. 

IL  Elliptic  Ck>i[Eis  vEyoLrrsa  wman  tse  obbix  of 
Satubv. 

572.  Btiek«'s  eomet.  —  In  1818,  a  comet  was  obsenred  al 
Marseilles,  on  the  26th  of  NoTember,  by  M.  Pons.  In  the  follow- 
ing Januaiy,  its  path  being  calculated,  M.  Arago  immedistefy 
recognised  it  as  identical  with  one  which  had  appeared  in  1 805. 
Subsequently,  M.  Encke  of  Berlin  sncceeded  in  calculating'  its 
entire  orbit  —  inferring  the  invisible  from  the  yisible  part  —  aad 
found  that  its  period  was  about  twelve  hundred  days.  This  cal« 
culation  was  verified  by  the  fact  of  its  retnm  in  1822,  ^nce  whk^ 
time  the  comet  has  gone  by  the  name  of  JSnche^s  comet,  and  le- 
turned  regularly. 

It  may  be  asked,  How  it  could  have  happened  that  a  comet 
which  made  its  revolution  in  a  period  so  short  as  three  yean  and 
a  quarter,  should  not  have  been  observed  until  so  recent  an  epoch 
as  1 8 1 8  P  This  is  expired  by  the  &ct  that  the  comet  is  so  small, 
and  its  light  so  feeble  even  when  in  the  most  favourable  poaitaaD, 
that  it  can  only  be  seen  with  the  aid  of  the  telescope,  and  not 
even  with  this,  except  under  certain  conditions  which  are  not  ful- 
filled on  the  occasion  of  every  perihelion  passage.  Neverthelees, 
the  comet  was  observed  on  three  former  occasions,  and  the  general 
elements  of  its  path  recorded,  although  its  dHptic,  and  conse- 
quently periodic  character,  was  not  recognised. 

On  comparing,  however,  the  elements  then  observed  with  those 
of  the  comet  now  ascertained,  no  doubt  can  be  entertained  of  thdr 
identity. 

It  appears,  that,  excepting  the  oval  form  of  the  orbit,  the  motion 
of  this  body  differs  in  nothing  from  that  of  a  planet  whose  mean 
distance  from  the  sun  is  that  of  the  nearest  of  the  planetcnds.  Its 
excentricity  is  such,  however,  that  when  in  perihelion  it  is  within 
the  orbit  of  Mercury,  and  when  in  aphelion  it  is  outside  the  most 
distant  of  the  planetoids,  and  at  a  distance  from  the  sun  equal  to 
four-fifths  of  that  of  Jupiter. 

573.  Zndloatlona  of  tlM  efllsota  of  a  restatliiff  medioiib — A 
fact  altogether  anomalous  in  the  motions  of  the  bodies  of  the  sdar 
system,  and  indicating  a  consequence  of  the  highest  physical  im- 
portance, has  been  disclosed  in  the  observation  of  the  motion  of 
this  comet.  It  has  been  found  that  its  periodic  time,  and  conse- 
quently its  mean  distance,  undergoes  a  slow,  gradual,  and  1^ 
parenUy  regular  decrease.  The  decrease  is  smsdl,  but  not  at  all 
uncertfdn.  It  amounted  to  about  a  day  in  ten  levolutLons,  a 
quantity  which  could  not  by  any  means  be  placed  to  the  account 


COMETS.  341 

either  of  eirors  of  obeervation  or  of  calculation ;  and,  besides^  this 
increase  is  incessant)  whereas  errors  would  affect  the  result  some- 
times one  way  and  sometimes  the  other.    The  period  of  the  comet 
between  1786  and  1795  was  1208^  days;  between  1795  and 
1805  it  was  1 207^  days ;  between  1805  and  1819  it  was  1 2071V 
days ;  and  between  1 845  and  1 8 55,  it  had  decreased  to  1 205}  days. 
The  magnitude  of  the  orbit  thus  constantly  decreasing  (for  the 
cube  of  its  greater  axis  must  decrease  in  the  same  proportion  as 
the  square  of  the  period),  the  actual  path  followed  by  the  comet 
must  be  a  sort  of  elliptic  spiral,  the  successive  coils  of  which  are 
very  dose  together,  eveiy  successive  revolution  bringing  the  comet 
nearer  and  nearer  to  the  sun. 

Such  a  motion  could  not  arise  from  the  disturbing  action  of  the 
planets.  These  forces  have  been  taken  strictly  into  account  in  the 
computation  of  the  ephemerides  of  the  comet,  and  there  is  still 
found  this  residual  phenomenon,  which  cannot  be  placed  to  their 
account,  but  which  is  exactly  the  effect  which  would  arise  from 
any  physical  agency  by  which  the  tangential  motion  of  the  comet 
would  be  feebly  but  constantly  resisted.  Such  an  agency,  by 
diminishing  the  tangential  velocity,  would  give  increased  efficacy 
to  the  solar  attraction,  and  consequently,  increased  curvature  to 
the  comet's  path ;  so  that,  after  each  revolution,  it  would  revolve 
at  a  less  distance  from  the  centre  of  attraction. 

574.  Tlie  lumlniferous  ether  would  produce  suoli  an  eflteot. 
—  It  Ib  evident  that  a  resisting  medium,  such  as  the  luminiferous 
ether  (0. 216)  is  assumed  to  be  in  the  hypothesis  which  forms  the 
baslB  of  the  undulatory  theoiy  of  light,  would  produce  just  such  a 
phenemenon,  and,  accordingly  the  motion  of  this  comet  is  re- 
garded as  a  strong  evidence  tending  to  convert  that  hypothetical 
fluid  into  a  real  physical  agent 

It  remains  to  be  seen  whether  a  like  phenomenon  will  be  developed 
in  the  motion  of  other  periodic  comets.  The  discovery  of  these 
bodies,  and  the  observation  of  their  motions,  are  as  yet  too  recent  to 
enable  astronomers,  notwithstanding  their  greatly  multiplied  num- 
ber, to  pronounce  decisively  upon  it 

575.  Comets  would  ultlmatelj  IMl  Into  tbe  sun. — If  the 
existence  of  this  resisting  medium  should  be  established  by  its 
observed  effects  on  comets  in  general,  it  will  follow  that,  after  the 
lapse  of  a  certain  time  (many  ages,  it  is  true,  but  still  a  definite 
interval),  the  comets  will  be  successively  absorbed  by  the  sun,  imless, 
as  is  not  improbable,  they  should  be  previously  vaporised  by  their 
near  approach  to  the  solar  fires,  and  should  thus  be  incorporated 
wfth  his  atmosphere.* 

*  In  the  efforts  by  which  the  haman  mind  Ubonrs  after  truth,  it  it 
corioui  to  observe  how  often  that  desired  object  is  stombled  upon  by  acd- 
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576.  IVtaj  like  efllBots  Are  not : 
of  tb«  planets. — It  may  be  asked.  If  the  existence  of  a  resirtiaf 
medium  be  admitted,  whether  the  same  ultimate  fate  most  boI 
await  the  planets?  To  this  inquiry  it  may  be  answ^ed  tiiat. 
within  the  limits  of  past  astronomical  record,  the  ethereal  media, 
if  it  exist,  has  had  no  s^isible  effect  on  the  motion  of  any  plaaet 
That  it  might  have  a  perceptible  eflSsct  upon  comets,  and  yet  not 
upon  planetS;  will  not  be  surprising,  if  the  extreme  lightoeas  of 
the  comets  compared  with  their  bulk  be  considered.  The  efect 
in  the  two  cases  may  be  compared  to  that  of  the  atmosphere 
upon  a  piece  of  swan's-down  and  upon  a  leaden  bullet  moTiiig 
through  it  It  is  certain  that  whatever  may  be  tiie  notore  of 
this  resisting  mediiun,  it  will  not,  for  many  hundred  years  to  come, 
produce  the  slightest  perceptible  e£lect  upon  the  motions  of  the 
planets. 

577.  Oerreetea  estimate  ef  the  mass  ef  Mereurr. — The 
masses  of  comets  in  general  are,  as  will  be  explained^  inoomparaUy 
smaller  than  those  of  the  smallest  of  the  planets ;  so  much  so,  indeed, 
as  to  bear  no  appreciable  ratio  to  them*  A  consequence  of  this  is, 
that  while  the  effects  of  their  attraction  upon  the  planets  aie 
altogether  insensible,  the  disturbing  efiects  of  the  masses  of  the 
planets  upon  them  are  veiy  considerable.  These  disturbances,  being 
proportional  to  the  disturbing  masses,  may  then  be  used  as  measures 
of  the  latter,  just  as  the  movement  of  the  pith-ball  in  the  balance  of 
torsion  supplies  a  measure  of  the  physical  forces  to  which  that  in- 
strument is  applied. 

Encke's  comet  near  its  perihelion  passes  near  the  orbit  of  Mer' 

dent,  or  arrired  at  by  reasoning  which  is  fklse.  One  of  NewtOD*8  000- 
jectores  respecting  comets  was,  that  they  are  *<  the  aliment  by  which  amis 
are  sustained;"  and  he  therefore  concluded  that  these  bodies  were  in  a  state 
of  progressive  decline  upon  the  suns,  round  which  they  respectively  8we|>t ; 
and  that  into  these  suns  they  from  time  to  time  ML  This  opinion  appears 
to  have  been  cherished  by  Newton  to  the  latest  hours  of  his  life :  he  not 
only  consigned  it  to  his  immortal  writings ;  but,  at  the  age  of  eighty-three*  a 
conversation  took  place  between  him  and  his  nephew  on  this  sntiject,  whidi 
has  come  down  to  us.  **  I  cannot  say,"  said  Newton,  **  when  the  comet  of 
1680  will  fall  into  the  sun :  possibly  after  five  or  six  revolutions ;  but  when 
ever  that  time  shall  arrive,  the  heat  of  the  sun  will  be  raised  by  it  to  such  a 
point,  that  our  globe  will  be  burnt,  and  all  the  animals  upon  it  will  perish. 
The  new  stars  observed  by  Hipparchus,  Tycho,  and  Kepler,  must  hare  pro- 
ceeded from  such  a  caus^  ibr  it  is  imposnble  otherwise  to  explain  their 
sudden  splendour."  His  nephew  then  asked  him,  **  Why,  when  he  stated  in 
his  writings  that  comets  would  fall  into  the  sun,  did  he  not  also  state  those 
vast  fires  they  must  produce,  as  he  supposed  they  had  done  in  the  stars?  " 
—  **  Because,"  replied  the  old  man,  "  the  confligrations  of  the  sun  coocem 
us  li  little  more  directly.  I  heve  said*  however,"  added  he,  smiling,  **  enough 
to  enable  the  world  to  collect  my  opinion." 
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nry  ;  and  when  that  planet  at  the  epoch  of  its  perihelion  happens 
o  be  near  the  same  point,  a  considerable  and  measureable  disturb- 
ixtoe  is  manifested  in  the  comet's  motion^  which  being  observed 
supplies  a  measure  of  the  planet's  mass. 

This  combination  of  the  motions  of  the  planet  and  comet  took 
place  under  veij  fayourable  circumstances,  on  the  occasion  of  the 
perihelion  passage  of  the  comet  in  1 83  8,  the  result  of  which,  accord- 
ing to  the  calculations  of  Professor  Encke,  was  the  discoyery  of  an 
error  of  large  amount  in  the  previous  estimates  of  the  mass  of  the 
planet.  AAer  making  every  allowance  for  other  planetaiy  attract- 
tionsy  and  for  the  effects  of  the  resisting  medium,  the  existence  of 
yrhich  it  appears  necessary  to  admit,  it  was  inferred  that  the  mass 
assigned  to  Mercury  by  Laplace  was  too  great  in  the  proportion  of 
12  to  7. 

This  question  is  still  under  examination,  and  every  succeeding 
perihelion  passage  of  the  comet  will  increase  the  data  by  which  its 
more  exact  solution,  may  be  accomplished. 

578.  Bl«la*s  eomet. — On  the  28th  of  Februaiy,  1 826,  M.Biela, 
an  Austrian  officer,  observed  in  Bohemia  a  comet,  which  was  seen  at 
Marseilles  at  about  the  same  time  by  M.  Gambart  The  path 
which  it  pursued,  was  observed  to  be  similar  to  that  of  comets 
which  had  appeared  in  1772  and  1806.  Finally,  it  was  found 
that  this  body  moved  round  the  sun  in  an  oval  orbit,  and  that 
the  time  of  its  revolution  was  about  6  years  and  8  months.  It  has 
since  returned  at  its  predicted  times,  and  has  been  adopted  as  a 
member  of  our  system,  under  the  name  of  Biela's  comet 

Biela*8  comet  mores  in  an  orbit  whose  plane  is  inclined  at  a  small 
angle  to  tiiose  of  the  planets.  It  is  but  slightiy  oval,  the  length 
being  to  the  breadth  in  the  proportion  of  about  four  to  three. 
When  nearest  to  the  sun,  its  distance  is  a  littie  less  than  that  of  the 
earth;  and  when  most  remote  from  the  sim,  its  distance  somewhat 
exceeds  that  of  Jupiter.  Thus  it  ranges  through  the  solar  system, 
between  the  orbits  of  Jupiter  and  the  earth. 

This  comet  was  observed  in  1772  and  1806,  but  the  elliptic 
form  of  its  orbit  was  not  discovered  at  that  epoch.  From  the  ob- 
servations made  in  1 826,  the  ellipticity  of  the  orbit  was  determined, 
and  its  return  to  perihelion  in  1 832  successfully  predicted.  Owing 
to  the  extreme  faintness  and  unfavourable  position  of  the  comet  in 
1838,  it  escaped  observation;  but  in  1846  and  1852  its  return 
was  observed  by  several  astronomers.  However,  on  its  arrival  at 
perihelion  in  May,  1 859,  the  comet  was  so  completely  lost  in  the 
rays  ot  the  mm,  that  astronomers  who  had  the  assistance  of  the 
most  powerfld  telescopes,  were  unable  to  discover  it,  notwithstanding 
three  separaite  computers  had  calculated  ephemerides  of  its  position 
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in  the  heayens,  which  agreed  sufBcieiitly  well  witii  each  o4iis  b 
warrant  their  adoption  in  the  search  for  the  comet 

579.  yoMlbUltj  of  tHe  eoUlaioii  of  Blola*a  ooaie«  wfcklbe 
earcift. — One  of  the  points  at  which  the  orbit  of  Biela's  a»B 
intersects  the  plane  of  the  ecliptic,  is  at  a  distance  from  the  eaith  5 
orbit  less  than  the  sum  of  the  semi-diameters  of  the  earth  and  tke 
comet.  It  follows,  therefore  (496)  that  if  the  comet  should  azrirr 
at  this  point  at  the  same  moment  at  which  t)ie  earth  passes  thioogfa 
the  point  of  its  orbit  which  is  nearest  to  it,  a  portion  of  the  g^ 
of  the  earth  must  penetrate  the  comet 

It  was  estimated  on  the  occasion  of  the  perihelion  passage  of  tin^ 
comet  in  1832,  that  the  semi-diameter  of  the  comet  (that  bodT 
being  nearly  globular,  and  having  no  perceptible  tail)  was  21,000 
miles,  while  tiie  distance  of  the  point  at  which  its  centre  pas^ 
through  the  plane  of  the  ecliptic,  on  the  29th  of  October  in  thai 
year,  from  the  path  of  the  earth,  was  only  1 8,600  miles.  K  the 
centre  of  the  earth  happened  to  have  been  at  the  point  of  its  orbit 
nearest  to  the  centre  of  the  comet  on  that  day,  the  distance  betweei 
the  centres  of  the  two  bodies  would  have  been  only  1 8,600  miles, 
while  the  semi-diameter  of  the  comet  was  21,000  miles;  and  the 
semi-diameter  of  the  earth  being  in  round  numbers  4000  miles,  it 
would  follow  that  in  such  a  contingency  the  earth  would  hsTe 
plunged  into  the  comet  to  a  depth  of  6400  mileS;  a  depth  exceeding 
three-fourths  of  the  earth's  diameter. 

The  possibility  of  such  a  catastrophe  haying  been  rumoured, 
great  popular  alarm  was  excited  before  the  expected  retam  of  the 
comet  in  1832.  It  was,  however,  shown  that  on  the  29th  oi 
October,  the  earth  would  be  about  five  millions  of  miles  from  the 
point  of  danger,  and  that  on  the  arrival  of  the  earth  at  that  point 
the  comet  would  have  moved  to  a  still  greater  distance. 

580.  mosolntloii  of  Siela'a  eomet  into  two. — One  of  the 
most  extraordinary  phenomena  of  which  the  history  of  astronomj 
affords  any  example,  attended  the  appearance  of  this  comet  in  1 846. 
It  was  on  that  occasion  seen  to  resolve  itself  into  two  dislmct 
comets,  which,  from  the  latter  end  of  December,  1 845,  to  the  epoch 
of  its  disappearance  in  April,  1 846,  moved  in  disdnct  and  inde- 
pendent orbits.  The  paths  of  these  two  bodies  were  in  such  optical 
juxtaposition  that  both  were  always  seen  together  in  the  field  of 
view  of  the  telescope,  and  the  greatest  visual  angle  between  their 
centres  did  not  amount  at  any  time  to  10',  the  variation  of  that 
angle  arising  principally  from  the  change  of  direction  of  the  visoal 
line,  relatively  to  the  line  joining  their  centres,  and  to  the  change 
of  the  comet's  distance  from  the  earth. 

M.  Plantamour,  director  of  the  Observatory  of  (Jeneva,  cal- 
culated the  orbits  of  these  two  comets,  considered  as  independent 
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bkodles;  and  found  that  the  real  distance  between  their  centres 
^^T^ofcSy  subject  to  but  little  yariation  while  visible,  about  thirty- 
xxlza.^  semi-diameters  of  the  earth,  or  two-thirds  of  the  moon's 
diiS'feazice.  The  comets  moved  on  thus,  side  by  side,  without 
rrKfcuifestiny  any  reciprocal  disturbing  action;  a  circumstance  no 
-yf^re^y  suiprisingy  considering  the  infinitely  minute  masses  of  such 
Ixxiies. 

^8 1 .  Cbmagmm  of  «pp«ai«Beo  Atteadiiiv  tlie  ••paratloii.  — 
T'li.e  original  comet  was  apparently  a  globular  mass  of  nebulous 
xxma^tter^  semi-transparent  at  its  yeiy  centre,  no  appearance  of  a  tail 
l>efii]ig  discoTerable.    After  the  separation,  both  comets  had  short 
-taxLsy  parallel  in  their  direction,  and  at  right  angles  to  the  line 
5ouiing  their  centres;  both  had  nucleL    From  ^e  day  of  their 
sepanition  the  original  comet  decreased,  and  the  companion  in- 
croased  in  brightness  until  (on  the  loth  of  Februaiy)  they  were 
sensibly  equaL    After  this  the  companion  still  increased  in  bright* 
neae,  and  from  the  14th  to  the  i6th  was  not  only  greatly  superior 
in.  brightness  to  the  original,  but  had  a  sharp  and  starlike  nucleus 
compaured  to  a  diamond  spark.    The  chaage  of  brightness  was  now 
reTrened,  the  original  comet  recovering  its  superiority,  and  acquir- 
ing on  the  1 8th  the  same  appearance  as  the  companion  had  from 
tl&e  14th  to  the  1 6th.    After  this  the  companion  gradually  faded 
Kvwuy,  and  disappeared  previously  to  the  final  disappearance  of  the 
original  comet  on  the  22nd  of  ApriL 

It  was  observed  also  that  a  thin  luminous  line  or  arc  was  thrown 
across  the  space  which  separated  the  centres  of  the  two  nuclei, 
especially  when  one  or  the  other  had  attained  its  greatest  bright- 
ness, the  arc  appearing  to  emanate  from  that  which  for  the  mo- 
ment was  the  brighter. 

After  the  disappearance  of  the  companion,  the  original  comet 
threw  out  three  faint  tails,  forming  angles  of  120*^  with  each 
other,  one  of  which  was  directed  to  the  place  which  had  been 
occnpied  by  the  companion. 

It  is  suspected  that  the  faint  comet  which  was  observed  by 
Professor  Secchi  to  precede  Biela's  comet  in  1852,  may  have  been 
the  companion  thus  separated  from  it,  and  if  so,  the  separation 
must  be  permanent,  the  distance  between  the  parts  being  greater 
than  that  which  separates  the  earth  from  the  sun. 

582.  Vaye'a  comet.  —  On  the  22nd  of  November,  1843,  M. 
Faye,  at  that  time  assistant-astronomer  at  the  Paris  Observatory, 
discovered  a  comet,  the  path  of  which  soon  appeared  to  be  in- 
compatible with  the  parabolic  character.  Dr.  Goldschmidt,  of 
Gottingen,  sbowed  that  it  moved  in  an  ellipse  of  very  limited 
dimensions,  with  a  period  of  7^  years.  It  was  immediately 
observed  as  being  extraordinary,  that,  notwithstanding  the  fre- 
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queut  retiims  to  perihelion  which  such  a  p^od  "VTonld  inlBi^ 
its  previous  appearances  had  not  been  recoided.  M.  Faye  i^ 
plied  by  showing  that  the  aphelion  of  the  orbit  passed  Terj  Bee 
to  the  path  of  Jupiter,  and  that  it  was  possible  that  the  Yiokfi: 
action  of  the  great  mass  of  that  planet,  in  such  close  prcndiiiitT 
with  the  comparativelj  light  mass  of  the  comet,  migiit  hare 
thrown  the  latter  body  into  its  present  orbit,  its  former  path  bein* 
either  a  parabola  or  an  ellipse,  with  such  elements  as  to  preves: 
the  comet  from  com'ng  within  visible  distance.  M.  Faje  sup- 
ported these  obserradons  by  reference  to  a  more  ancient  oomet. 
which  we  shall  presently  notice,  to  which  a  like  incident  is  sup- 
posed with  much  probability,  if  not  certainty,  to  have  oocmred. 

583.  Be-appeai«Boe  in  ISSO-l  OAlevlated  hy  BK.  &e  Vcr- 
rler.  —  The  observations  which  had  been  made  in  1843,  "* 
several  observatories,  but  more  especially  those  made  by  M.  Struve 
at  PulkowSy  who  continued  to  observe  the  comet  long  after  it  had 
ceased  to  be  observed  elsewhere,  supplied  to  M.  Le  Verrier  the 
data  necessaiy  for  the  calculation  ai  its  motion  in  the  interval 
between  its  perihelion  in  1 843,  and  its  expected  re-t^pearanoe  in 
1850-1,  subject  to  the  disturbing  action  of  the  planets,  and  pre- 
dicted its  succeeding  perihelion  for  the  3rd  of  April,  1851. 

Aided  by  the  formuhe  of  M.  Le  Verrier,  Lieutenant  Stratfod 
calculated  a  provisional  ephemeris  in  1850,  by  which  observers 
might  be  enabled  more  easily  to  detect  the  comet^  which  waa  the 
more  necessaiy  as  the  object  is  extremely  funt  and  small,  and  not 
capable  of  being  seen  except  by  means  of  the  most  perfect  tele^ 
scopes.  By  means  of  this  ephemeris.  Professor  ChalUs,  of  Cam- 
bridge, found  the  comet  on  the  night  of  the  z8th  of  November, 
very  nearly  in  the  place  assigned  to  it  in  the  tables.  Two  obser- 
vations only  were  then  made  upon  it,  which,  however,  were 
sufficient  to  enable  M.  Le  Verrier  to  give  still  greater  predaion  to 
his  formulse,  by  ajwigning  a  definite  numerical  value  to  a  small 
quantity  which  before  was  left  indeterminate.  Lieutenant  Strat- 
ford, with  the  formula  thus  corrected,  calculated  a  more  extensive 
iind  exact  ephemeris,  extending  to  the  last  day  of  Maich^  and 
published  it  in  January,  1 8  5 1 ,  in  the  Nautical  Almanac 

The  comet,  though  extremdy  fsdnt  and  small,  and  ocmsequentiy 
difficidt  of  observation,  continued  to  be  observed  by  Professor 
Challis  with  the  great  Northumberland  telescope  at  Cambridge, 
and  by  M.  Struve  at  Pulkowa,  and  it  Was  found  to  move  in  exact 
accordance  with  the  predictions. 

This  comet  again  returned  according  to  prediction  in  September 
1858,  when  it  was  first  observed  at  Berlin  by  M.  Bruhns.  It  was 
exiaremely  £Eunt  during  the  time  of  its  appearance. 

584.  Be  meo*m  oomet. —  On  the  22nd  of  August,  1 844,  IL  De 
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\'icx),  of  the  Roman  Obeervatory,  discovered  a  comet  whose  orbit 
vras  soon  afterwards  proved  by  M.  Faye  to  be  an  ellipse  of  moderate 
excectricity^  vnth  a  period  of  about  5^  years.  It  arrived  at  its 
perihelion  on  the  2nd  of  September,  and  continued  to  be  observed 
until  the  7th  of  December. 

M.  Le  Yerrier  has  made  some  computations,  which  render  it 
somewhat  probable  that  a  comet  which  passed  its  perihelion  in 
August,  1678,  is  identical  with  that  discovered  by  M.  Be  Vico. 

585.  Broraen's  eomet. —  On  the  26th  W  February,  1846,  M. 
Brorsen,  of  Kiel,  discovered  a  faint  comet.  Which  was  soon  found 
to  movein  an  elliptic  orbit,  with  a  period  of  'about  5^  years.  Its 
position  in  the  heavens  not  being  favourable,  the  observations  upon 
it  were  few,  and  the  resulting  elements,  consequently,  not  ascer- 
tained with  all  the  precision  that  might  be  desired.  Its  re-appear- 
ance on  its  approach  to  the  succeeding  pe^elion,  was  expected 
from  September  to  November,  1851.  It  escaped  observation, 
however,  owing  to  its  unfavourable  position  in  relation  to  the  sun. 
Its  next  perihelion  passage  took  place  in  1857,  when  it  was  re- 
discovered at  Berlin  by  M.  Bruhns  on  the  1 8th  of  March.  Its 
period  of  revolution  was  found  to  be  about  2026  days. 

586.  Comets  of  B* Arrest  and  Wlnoeeke. —  On  the  27th  of 
June,  1 85 1,  Dr.  B* Arrest,  of  the  Leipsic  Observatoiy,  discovered  a 
faint  comet,  which  M.  Yillarceau  proved  to  move  in  an  elliptic 
orbit,  with  a  period  of  about  6^  years.  The  succeeding  perihdion 
passage  took  place  near  the  end  of  1857,  when  it  was  discovered 
on  the  5th  of  December  at  the  Royal  Observatoiy,  Cape  of  Good 
Hope.  A  valuable  series  of  observations  extending  to  the  1 8th 
of  January,  1858,  were  made  at  that  observatoiy,  under  the  direc- 
tion of  the  present  astronomer,  Sir  Thomas  Maclear. 

A  comet  discovered  on  the  8th  of  March,  1 858,  at  Bonn,  by  Dr. 
"Winnecke,  is  also  supposed  to  be  one  of  those  whose  orbit  is  of 
short  period.  A  comparison  of  the  elements  with  those  of  a  comet 
observed  in  1819,  seemed  to  indicate  that  the  two  comets  were 
really  one  object,  whose  orbit  is  elliptical  with  a  period  of  about  5^ 
years.  It  would  therefore  have  made  seven  revolutions  in  the 
interval  since  its  first  apparition,  a  result  which  agrees  closely  with 
that  derived  from  theory.  It  can  scarcely  be  doubted,  therefore, 
that  the  two  apparitions  refer  to  the  same  object. 

587.  Bliptlo  eomot  of  174IS. — A  revision  of  the  recorded 
observations  of  former  comets  by  the  more  active  and  intelligent 
zeal  of  modem  mathematicians  and  computers,  has  led  to  the 
discoveiy  of  the  great  probability  of  several  among  them  having 
revolved  in  elliptic  orbits,  with  periods  not  differing  considerably 
from  those  of  the  comets  above  mentioned.  The  fact  that  these 
comets  have  not  been  re-observed  on  their  successive  returns 
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through  perihelion^  may  be  explamed^  eitiier  by  the  diJBciil^  of 
obeerviiig  them,  owing  to  their  nn&ToonUe  poeitioiiSy  and  tfce 
drcnmttance  of  obserrers  not  expecting  their  le-ftppeanaoey  tUr 
periodic  character  not  being  then  saipected ;  or  becuue  tliej  may 
have  been  thrown  by  the  disturbing  action  of  the  larger  j^aneta 
into  orbits  such  as  to  keep  them  oontinaally  out  of  the  range  of 
▼iew  of  terrestrial  observers. 

Among  those  may  be  mentioned  a  comet  which  appeared  ia 
1 743,  and  was  observed  by  Zanetti  at  Bologna ;  the  obeermatiosis 
indicate  an  elliptic  orbit,  with  a  period  of  about  5|  yean. 

588.  auiptta  OMnat  of  176C.— This  comet,  which  waa  ob- 
served by  Messiei^  at  Paris,  and  by  La  Nux,  at  the  Isle  of  BovnlMm, 
revolved,  according  to  the  calculations  of  Barckhaidt|  in  an  ellipae 
with  a  period  of  5  years. 

5S9.  &a3call'a  eoBMt. —  The  histoiy  of  astronomy  has  reoocded 
one  singular  example  of  a  comet  which  appeared  in  the  system, 
made  two  revolutions  round  the  sun  in  an  ^iptic  otint^  and  tiien 
disiyppeared,  never  having  been  seen  either  before  or  mnce. 

This  comet  was,  discorered  by  Messier,  in  June  1770,  in  the 
AonsteUatiosi  of  Sagittarius,  between  the  head  and  the  northern 
extremity  of  the  bow,  and  was  observed  during  that  month.  It 
disappeared  in  July,  being  lost  in  the  sun's  rays.  After  paasing 
through  its  perihelion,  it  re-appeared  about  the  4th  of  August^  and 
continued  to  be  observed  until  the  first  days  of  October,  when  it 
finally  disappeared. 

All  the  attempts  of  the  astronomers  of  that  day  failed  to  deduce 
the  pat^  of  this  comet  from  the  observaidons,  until  six  years  later, 
in  1 776,  LexeU  showed  that  the  observations  were  explained,  not, 
as  had  been  assumed  previously,  by  a  parabolic  path,  but  by  aa 
ellipse,  and  one,  moreover,  without  au^  example  at  that  epoch, 
which  indicated  the  short  period  of  5^  years. 

it  was  immediately  objected  te  such  a  eolution,  that  its  admis- 
flion  would  involve  the  consequenoe  that  the  comet,  with  a  period 
so  short,  and  a  nutgnitude  and  splendour  such  as  it  exhibited  in 
1770,  must  have  been  frequently  seen  on  former  returns  to  perihe- 
lion ;  whereas  no  record  of  any  such  appearance  was  found. 

To  this  Lexell  repBed,  \^  showing  that  the  elements  of  its  oibit, 
derived  from  the  dbserwatiens  made  in  1770,  were  such  that 
at  its  previous  aphelion,  in  1767,  the  comet  must  have  passed 
within  a  distaaoe  of  the  planet  Jupiter  fiffcy-eight  times  lees  than 
lis  distance  fr^m  the  sun ;  and  that  consequently  it  must  then  have 
sustained  an  attraction  frt>m  the  great  mass  of  that  planet,  more 
than  three  times  more  energetic  than  that  of  the  sun ;  that  conse- 
quently it  was  thrown  out  of  the  orbit  in  which  it  previously 
moved,  into  the  elliptic  orbit  in  which  it  actually  moved  in  1 770 ; 
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that  its  orWt  pverioualy  to  1767  was,  according  to  all  probability, 
fi  parabola;  and,  finally,  that  consequently  moving  in  an  elliptic 
orbit  fiom  1767  to  1770,  and  having  the  periodicity  consequent  on 
such  motion,  it  nevertheless  moved  only  for  the  first  time  in  its  new 
orbit,  and  had  never  come  within  the  sphere  of  the  sun's  attraction 
before  this  epoch. 

LfOxell  fiiither  stated,  that  since  the  comet  passed  tiirough  its 
aphelion,  which  nearlyintersectedJupit^sorbit  at  intervals  of  some- 
'what  above  5^  years,  and  it  encountered  the  planet  near  that  point 
in  1 767,  the  period  of  the  planet  being  somewhat  above  1 1  years, 
the  planet  alter  a  single  revolution,  and  the  comet  after  two  revolu- 
tions, must  necessarily  again  encoun  fcer  each  other  in  1 779 ;  and,  that 
rince  the  orbit  was  such  that  the  comet  must  in  1779  P^^'^  ^^  ^  ^^~ 
tance  from  Jupiter  500  times  less  than  its  distance  from  the  sun,  it 
mnst  sufier  from  that  planet  an  action  250  times  greater  than  the 
sun's  attraction,  and  that  therefore  it  would  in  all  probability  be 
again  thrown  into  a  parabolic  or  hyperbolic  path ;  and  if  so,  that  it 
would  depart  for  ever  from  our  system  to  visit  other  spheres  of  at- 
traction. Lexell,  therefore,  anticipated  the  final  disappearance  of 
the  comet,  which  actually  took  place. 

In  the  interval  between  1 770  and  1 779,  the  comet  would  have 
returned  once  to  perihelion;  but  its  position  was  such  that  it  must 
have  been  above  the  horizon  only  during  the  day,  and  therefore 
could  not  in  the  actual  state  of  science  be  observed. 

590.  Aaaljsis  of  Aaplaoe  applied  to  &esMl*s  comet. — At 
this  epoch,  analytical  science  had  not  yet  supplied  a  definite  solution 
of  the  problem  of  cometary  disturbances.  At  a  later  period  the 
question  was  resumed  by  Laplace,  who  in  his  celebrated  work,  the 
Micamqtte  dUaUj  gave  the  general  solution  of  the  following 
problem. 

^  The  actual  orbit  of  a  comet  being  g^ven,  what  was  its  orbit 
before,  and  what  will  be  its  orbit  after  being  submitted  to  any  given 
disturbing  action  of  a  planet  near  which  it  passes  P  " 

591.  Its  orbit  before  1767  anA  after  1770  ealeolatoA  bylile 
fonttolas*  —  Applying  this  to  the  particular  case  of  Lezell's 
comet,  and  assuming  as  data  the  observations  recorded  in  1770, 
Laplace  showed  that,  before  sustaining  the  disturbing  action  of 
Jupiter  in  1767,  the  comet  must  have  moved  in  an  ellipse  of 
which  the  semi-axis  major  was  13*293  and  consequently  that  its 
period  instead  of  being  5^  years,  must  have  been  48^  years ;  and 
that  the  ezcentricity  of  the  orbit  was  such,  that  its  perihelion 
distance  would  be  but  little  less  than  the  mean  distance  of 
Jupiter,  and  that  consequently  it  could  never  have  been  visible. 
It  followed  also  that,  after  sufiering  the  disturbing  action  of 
Jupiter,  in  1 779,  the  comet  passed  into  an  elliptic  orbit  whose  semi- 
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axis  major  was  7*3^  that  its  period  was  consequently  20  yean,  a&i 
that  its  excentricity  was  such,  that  its  perihelion  distance  wad  more 
than  twice  the  distance  of  Mars^  and  that  in  such  an  orbit  it  cou^ 
not  become  risible. 

592.  MrnvtMion  of  tliese  reseaircl&es  by  M.  &•  Verrfter. — 
This  investigation  has  recently  been  revised  by  M.  Le  Venier*, 
who  has  shown  that  the  observations  of  1770  were  not  sof- 
ficiently  definite  and  accurate  to  justify  conclusions  so  absolute.  He 
has  shown,  that  the  orbit  of  1 770  is  subject  to  an  uncertainty  rtaa- 
prised  between  certain  definite  limits ;  that  tracing  the  conseqaenoes 
of  this  to  the  positions  of  the  .comet  in  1767  and  1779,  these  posi- 
tions are  subject  to  still  wider  limits  of  uncertainty.  Thus  he  shows 
that,  compatibly  with  the  observations  of  1 77O;  the  comet  mig-bt  in 
1779  pass  either  considerably  outside,  or  considerably  inaide 
Jupiter's  orbit,  or  might,  as  it  was  supposed  to  have  done,  hare 
passed  actually  within  the  orbits  of  his  satellites.  He  deduces 
finally  the  following  general  conclusions :  — 

1 .  That  if  the  comet  had  passed  within  the  orbits  of  the  satellites, 
it  must  have  fallen  down  upon  the  planet  and  coalesced  with  it ; 
an  incident  which  he  thinks  highly  improbable,  though  not  ab- 
solutely impossible. 

2.  The  action  of  Jupiter  may  have  thrown  the  comet  into  a  para- 
bolic or  hyperbolic  orbit,  in  which  case  it  must  have  departed  from 
our  system  altogether,  never  to  return,  except  by  the  conseqaence 
of  some  disturbuice  produced  in  another  sphere  of  attraction. 

3.  It  may  have  been  thrown  into  an  elliptic  orbit,  having  a  great 
axis  and  long  period,  and  so  placed  and  formed  that  the  comet 
could  never  become  visible ',  a  supposition  within  which  comes  the 
solution  of  Laplace. 

4.  It  may  have  had  merely  its  elliptic  elements  more  or  less 
modified  by  the  action  of  the  planet,  without  losing  its  character  of 
short  periodicity ;  a  result  which  M.  Le  Verrier  thinks  the  most 
probable,  and  which  would  render  it  possible  that  this  comet  may 
still  be  identified  with  some  one  of  the  many  comets  of  short 
penod,  which  the  activity  and  sagacity  of  observers  are  continually 
discovering. 

To  facilitate  such  researches  M.  Le  Verrier  has  given  a  table, 
including  all  the  possible  systems  of  elliptic  elements  of  shcot 
period  which  the  comet  could  have  assumed,  subject  to  the  dis- 
turbing action  of  Jupiter  in  1 779,  and  taking  the  observations  of 
1 770  within  their  possible  limits  of  error. 

He  further  demonstrates,  that  the  orbit  in  which  the  comet 
moved  antecedently  to  the  disturbing  action  of  Jupiter  upon  it  in 

*  See  Mimmm  dt  PAcadinUe  des  ScunctM,  1847, 184S. 
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1 767^  not  only  could  not  have  been  a  parabola  or  hyperbola,  but 
must  have  been  an  ellipse,  whoee  major  axis  was  considerably  less 
than  that  which  Laplace  deduced  from  the  insufficient  observations  of 
Ideseier.  He  shows  that^  before  that  epoch,  the  perihelion  distance 
of  the  comet  could  not,  under  any  possible  supposition,  have  ex- 
ceeded three  times  the  earth's  mean  distance,  and  most  probably  was 
included  between  i^  and  2  times  that  distance ;  and  that  the  semi- 
axis  major  of  the  orbit  could  not  have  exceeded  4^  times  the 
earth's  mean  distance,  a  magnitude  3  times  less  than  that  assigned 
to  it  by  the  calculations  of  Laplace. 

593.  Wroeemm  by  wbleli  the  identilleatloii  of  paiiodie 
comef  maybe  decided. — It  must  not,  however,  be  supposed 
that  it  is  sufficient  to  compare  the  actual  elements  of  each  periodic 
(M>met  thus  discovered,  with  the  elements  given  in  the  table  of  M.  Le 
Terrier,  and  to  infer  the  absence  of  identity  from  their  discordance. 
Such  an  ioference  would  only  be  rendered  valid  by  showing  that  in 
past  ages,  the  comet  in  question  had  sufifered  no  serious  disturb- 
ing action  by  which  the  elements  of  its  orbit  could  be  considerably 
changed.  To  decide  the  question,  a  much  more  laborious  and  dif- 
ficult process  must  be  encountered ;  a  process  from  which  the  un- 
tiring spirit  of  M.  Le  Yerrier  has  not  shrunk.  It  is  necessary,  in 
fine,  to  the  satisfactoiy  and  conclusive  solution  of  such  a  problem, 
that  the  periodic  comet  in  question  should  be  traced  back  through 
all  its  previous  revolutions  up  to  1 779,  that  all  the  disturbances 
which  it  suffered  from  the  planets  which  it  encountered  in  that 
interval  be  calculated  and  ascertained,  and  that  by  such  means  the 
orbit  which  it  must  have  had  previous  to  such  disturbances,  in 
1 779,  be  determined.  Such  orbit  would  then  be  compared  with 
the  table  of  possible  orbits  of  Lexell's  comet,  as  given  by  M.  Le 
Yerrier ;  and  H  it  were  found  to  be  identical  with  any  of  them,  the 
identity  of  the  comet  in  question  with  that  of  Lexell,  would  be  in- 
ferred with  the  highest  degree  of  probability;  but  if,  on  the  other 
hand,  such  diMrepancies  were  found  to  prevail  as  must  exceed  all 
auppoaable  errors  of  observation  or  calculation,  the  diversity  of  the 
comets  would  foUow. 

594.  Aiiplieatlon  of  tbis  proeeM  by  M.  X^  Veirler  to  tbe 
eomou  of  Vaye,  Be  Vleo«  and  Bronen*  and  that  of  Xiexell.  — 
Their  dlTerstty  proved. — M.  Le  Yerrier  has  applied  these  prin- 
ciples to  the  comets  of  Faye,  De  Yico,  and  Brorsen ;  tracing  back 
their  lustories  during  their  unseen  motions  for  three  quarters  of  a 
centuiy^  and  ascertaining  the  effects  of  the  disturbing  actions  which 
they  must  severally  have  sustained  from  revolution  to  revolution, 
until  he  brought  them  to  the  epoch  of  1 779.  On  comparing  the 
orbits  thus  determined  with  those  of  the  table  of  possible  orbits  of 
'Lexell's  comet,  he  has  shown  that  none  of  them  can  be  identical 
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with  it,  however  stnmglj  some  of  the  elements  of  their  preieaft 
orbits  may  raise  such  a  presumption. 

595.  Blaiapmftii'a  C9wamt  of  1S&9. — M.  Blainpain  diaeoveied  a 
comet  at  Marseilles  on  the  28th  of  November,  1 8 19,  whidi  was 
observed  at  Milan  mitQ  the  25th  of  Januaiy,  1 820.  The  observa- 
tions reduced  and  calculated  by  Professor  Eocke  gave  an  dfiptk 
orbit  with  a  period  a  little  short  of  5  years.  Olaosen  conjectures 
that  this  comet  may  be  identical  witii  that  of  1743.  ^^  ^^^  ^^ 
been  seen  since  1 820. 

596.  Voaa'  oemet  of  1819. — A  comet  was  discovered  by  M. 
Pons  on  the  12th  of  June,  1 819,  which  was  observed  until  the 
19th  of  July.  Professor  Encke  assigned  to  it  an  elliptic  oibit,  with 
a  period  of  5^  years. 

597.  Fiffott'a  oomet  of  178S.  —  A  comet,  discovered  by 
Mr.  Hgott  at  New  York  in  1783,  was  shown  by  Burckfa&rdt  to 
have  an  elliptic  orbit,  with  a  period  of  5^  years. 

598.  yotem'  oomet  of  184I6.— On  the  26th  of  June,  1 846,  a 
comet  was  discovered  at  Naples  by  M.  Peters,  which  was  aubee- 
quently  observed  at  Rome  by  De  Vico,  and  continued  to  be  seen 
until  the  2 1  st  of  July.  An  elliptic  orbit  is  assigned  to  this  oomet, 
with  a  period  of  from  1 3  to  16  years  ^  some  uncertainty  is  attfiched, 
however,  to  this  determination. 

III.   Elliptic  Coxbts,  whose  kean  distakces  asx  vaaxlt 

EQUAL  TO  THAT  OF  UbaKUS. 

599.  Oometa  of  lour  periods  llrat  reeofiilsea  ma  perlodio. — 

It  might  be  expected,  that  comets  moving  in  elliptic  orbits  of  amall 
dimensions,  and  consequently  having  dbort  periods,  would  hare 
been  the  first  in  which  the  character  of  periodicity  would  be  dis- 
covered. The  comparative  frequency  of  their  returns  to  those 
positions  near  perihelion,  where  alone  bodies  of  this  class  are 
visible  from  the  earth,  and  the  consequent  possibility  of  verifying 
the  fact  of  periodicity,  by  ascertaining  the  equality  of  the  in- 
tervals between  their  successive  returns  to  the  same  heHoc^ntric 
position,  to  say  nothing  of  the  more  distinctly  elliptic  foim  of  the 
arcs  of  their  orbits  in  which  they  can  be  immediately  observed^ 
would  afford  strong  ground  for  such  an  expectation ;  nevertheleas 
in  this  case,  as  has  happened  in  so  many  others  in  the  progress  of 
physical  knowledge,  the  actual  results  of  observation  and  research 
have  been  directly  contrary  to  such  an  anticipation;  tiie  most 
remarkable  case  of  a  comet  of  large  orbit,  long  period,  and  rare 
returns,  being  the  first,  and  those  of  small  orbits,  short  periods^ 
and  frequent  returns,  the  last  whose  periodicity  has  been  dis- 
covered. 

600.  WewtoB's  ooiiJeotiires  as  to  tlie  eslstesee  of  * 
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•  —  It  is  evident  that  the  idea  of  the  possible 
existence  of  comets  with  periods  shorter  than  those  of  the  more 
memote  planets,  and  c»rbits  ciicomscribed  within  the  limits  of  the 
0olar  system,  never  occurred  to  the  mind  either  of  Newton  or  any 
of  his  contemporaries  or  immediate  8iicce8Bor& 

In  the  third  book  of  his  pbikoipia,  be  caQs  comets  a  species  of 
planets,  revolving  in  elliptic  orbito  of  a  very  oval  form.  But  he 
continues,  ''  I  leave  to  be  determined  by  others  the  transverse 
diameters  and  periods,  by  compering  comets  which  return  afUr 
Umg  wUarmk  of  Htm  to  tbe  same  orbits." 

It  is  interesting  to  observe  the  avidity  with  which  minds  of*  a 
certain  order  snatch  at  such  generalisations,  even  when  but  slenderly 
founded  upon  fiurts.  These  conjectures  of  Newton  were  soon  after 
adopted  by  Voltaire : ''  II  y  a  quelque  apparence,"  says  he,  in  an 
essay  on  comets, ''  qu*on  comiaitra  un  jour  un  certiun  nombre  de 
cea  autres  plandtes  qui,  sous  le  nom  de  com^tes,  toument  comme 
nous  autour  du  soleil,  mais  il  ne  fsuit  pas  esp^rer  qu'on  les  connais- 
aent  toutes." 

And  again,  elsewhere,  on  the  same  subject:  — 

**  Com^tes,  que  Von  craint  "k  IVgal  da  tonnerre, 
Ceasez  dVpoovanter  les  peuples  de  la  terre ; 
Dans  une  ellipse  immense  achevez  voire  conrs, 
Bemoutez,  descendez  prte  de  Tastre  des  jours." 

6oi*  Bailey's  rasaar^haa.  —  Eztraordinaiy  as  these  conjec- 
tures must  have  appeared  at  the  time,  they  were  soon  strictly 
realised.  Halley  undertook  the  labour  of  examining  the  circum- 
stances attending  aU  the  comets  previously  recorded,  with  a  view 
to  discover  whe^er  any,  and  which  of  them,  appeared  to  follow 
the  same  path.  He  found  that  a  comet  which  had  been  observed 
by  himself,  by  Newton,  and  their  contemporaries  in  1682,  followed 
a  path  while  visible,  which  coincided  so  nearly  vrith  those  of 
comets  which  had  been  observed  in  1607,  and  in  1531,  as  to 
render  it  extremely  probable,  that  these  objects  were  the  same 
identical  comet,  revolving  in  an  elliptic  orbit  of  such  dimensions^ 
as  to  cause  its  return  to  perihelion  at  intervals  of  75— 76  years. 

The  comet  of  1682  had  been  well  observed  by  La  Hire,  Picard, 
Hevelius,  and  Hamsteed,  whose  observations  supplied  all  the  data 
necessary  to  calculate  its  path  while  visible.  That  of  1 607  had  been 
observed  by  Kepler  and  Longomontanus ;  and  that  of  1531,  by 
Pierrs  Apian  at  Ingolstadt,  the  observations  in  both  cases  bung  also 
sufficient  for  the  determination  of  the  path  of  the  body,  with  all  the 
accuracy  necessary  for  its  identification. 

602.  Hallaj  preOlota  its  re-appearanoa  in  17S«-»» — Of  the 
identity  of  the  paths  while  visible  on  each  of  these  appearances 
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Hallej  entertained  no  doubt ;  and  announced  to  the  wotld  tlie  da* 
coverj  of  the  elliptic  motion  of  comets^  as  the  result  of  oombiiied 
observation  and  calculation^  and  entitled  to  as  much  confidftnoe  u 
stny  other  consequence  of  an  established  physical  law ;  and  "predieted 
the  re-appearance  of  this  bodj,  on  its  succeeding  return  to  peiilie- 
lion^  in  1758-9.  He  observed,  however,  that  as  in  the  iziterral 
between  1 607  and  1 682,  the  comet  passed  near  Jupiter,  its  T^elocitT 
must  have  been  augmented,  and  consequentl j  its  period  shortened  Vr 
the  action  of  that  planet  This  period,  therefore,  having  been.  011I7 
seventy-live  years,  he  inferred  that  the  following  period  would  pro- 
bably be  seventy-six  years  or  upwards;  and  consequently  that  the 
comet  ought  not  to  be  expected  to  appear  until  the  end  of  1 7  98^  or 
the  beginning  of  1 7  59.  It  is  impossible  to  imagine  any  quaiitr  of 
mind  more  enviable  than  that  which,  in  the  existing  state  of  mathe-> 
matical  physics,  could  have  led  to  such  a  prediction.  The  imperfect 
state  of  science  rendered  it  impossible  for  Halley  to  offin*  to  the 
world  a  demonstration  of  the  event  which  he  foretold.  ''He  there- 
fore," says  M.  de  Pont^oulant, ''  could  only  announce  theee  feli- 
citous conceptions  of  a  sagacious  mind  as  mere  intuitiTe  perceptiansi, 
which  must  be  received  as  uncertain  by  the  world,  however  he 
might  have  felt  them  himself,  until  they  could  be  verified  bj  the 
process  of  a  rigorous  analysis.'' 

Subsequent  researches  gave  increased  force  to  Halley's  predicdon ; 
for  it  appeared  from  the  ancient  records  of  observers,  that  comets 
had  been  seeA  in  1456*  and  1378,  whose  elements  were  icCentical 
with  those  of  the  comet  of  1682. 

*  The  appearance  of  this  comet  in  1456,  was  described  hj  oontemporarr 
aathorities  to  have  been  an  object  of  **  onheard-of  mtgnitude ; "  it  was 
■ocompanied  by  a  tail  of  extraordinary  length,  which  extended  over  sixty 
degrees,  (a  thinl  of  the  heavens,)  and  continued  to  be  seen  during  the  whole 
of  the  month  of  June.  The  influence  which  was  attributed  to  this  appear- 
ance, renders  it  probable  that  in  the  record  there  exists  more  or  less  of 
exaggeration.  It  was  considered  as  the  celestial  indication  of  the  rapid  suc- 
cess of  Mabommed  IL,  who  had  taken  Constantinople,  and  struck  terror 
into  the  whole  Christian  world.  Pope  Calixtns  IL  levelled  the  thunders  of 
the  Church  against  the  enemies  of  his  fiuth,  terrestrial  and  celestial,  and  in 
the  same  bull  exorcised  the  Turks  and  the  comet ;  and  in  order  that  the 
memory  of  this  manifestation  of  his  power  should  be  for  ever  preserved,  he 
ordained  that  the  bells  of  all  the  churches  should  be  rung  at  midday,  —  a 
custom  which  is  preserved  in  those  countries  to  our  times.  It  must  be 
admitted  that,  notwithstanding  the  terrors  of  the  Church,  the  comet  pursned 
its  course  with  as  much  ease  and  security  as  those  with  which  Mahommed 
coaverted  the  church  of  St  Sophia  into  his  principal  mosque. 

The  extraordinary  length  and  brilliancy  which  was  ascribed  to  the  tail 
upon  this  occasion,  have  led  astronomers  to  investigate  the  circumstances 
under  which  its  brightness  and  magnitude  would  be  the  greatest  possible; 
and,  upon  tracing  back  the  motion  of  the  comet  to  the  year  1456^  it  has 
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603.  OreatadTMieeofmatlienMitloal  and  physieal  scleiicea 

168a  and  1769. — In  the  interval  of  three  quarters  of  a 
crentury  which  elapsed  between  the  announcement  of  Halley^s  pre- 
diction and  the  date  of  its  expected  fulfilment;  great  advances  were 
xnade  in  mathematical  science ;  new  and  improved  methods  of  in- 
^vestigation  and  calculation  were  invented ;  and,  in  fine,  the  theory 
of  gnnritation  was  pursued  with  extraordinary  activity  and  success 
-through  its  consequences  in  the  mutual  disturbances  produced  upon 
-the  motions  of  the  planets  and  satellites^  by  the  attraction  of  their 
masses  one  upon  another.    As  the  epoch  of  the  expected  return  of 
the  comet  to  its  perihelion  approached,  therefore,  the  scientific  world 
resolved  to  divest,  as  far  as  possible,  the  prediction,  of  that  vague- 
ness which  necessarily  attended  it  owing  to  the  imperfect  state  of 
science  at  the  time  it  was  made,  and  to  calculate  the  exact  efiects 
of  those  planets  whose  masses  were  sufficiently  great,  in  accelerating 
or  retarding  its  motion  while  passing  near  them. 

604.  Xzaet  patb  of  the  eomet  on  its  retimif  and  time  of 
tta  perllieUoii  calculated  and  predicted  by  Olairaut  and 
&alaiide.  —  This  inquiry,  which  presented  great  mathematical 
difficulties  and  involved  enormous  arithmetical  labour,  was  under- 
taken by  Olairaut  and  Lalande :  the  former,  a  mathematician  and 
natural  philosopher,  who  had  already  applied  with  great  success 
the  principles  of  gravitation  to  the  motions  of  the  moon,  undertook 
the  purely  analytical  part  of  the  investigation,  which  consisted  in 
establishing  certain  general  algebraical  formulas,  by  which  the 
disturbing  actions  exerted  by  the  planets  on  the  comet  were  ex- 
pressed ;  and  Lalande,  an  eminent  practical  astronomer,  undertook 
the  labour  of  the  arithmetical  computations,  in  which  he  was 
assisted  by  a  lady,  Madame  Lepaute,  whose  name  has  thus  become 
celebrated  in  the  annals  of  science. 

These  elaborate  calculations  being  completed,  Olairaut  pre- 
sented tiie  result  of  their  joint  labours,  in  a  memoir  to  the  Academy 
of  Sciences  of  Paris*,  in  which  he  predicted  the  next  arrival  of 

been  foand  that  it  was  then  actually  tmder  the  circumstances  of  position 
vith  respect  to  the  earth  and  sun  most  favourable  to  magnitude  and  splendour. 
So  tar,  therefore,  the  results  of  astronomical  calculation  corroborate  the 
records  of  history. 

*  When  it  is  considered  that  the  perkxi  of  Bailey's  comet  is  about 
seTentj-flye  years,  and  that  every  portion  of  its  course,  for  two  successive 
periods,  was  necessary  to  be  calculated  separately  in  this  way,  some  notion 
may  be  formed  of  the  labour  encountered  by  Lalande  and  Madame  Lepaute. 
**  Daring  six  months,**  says  Lalande,  **  we  calculated  from  morning  till  night, 
sometimes  even  at  meals ;  the  consequence  of  which  was,  that  I  contracted 
an  illoess  which  changed  my  constitution  for  the  remainder  of  my  life,  llie 
assiftance  rendered  by  Madame  Lepaute  was  such,  that  without  her  we 
never  could  hare*  dared  to  undertake  this  enormous  Ubour,  in  which  it  was 
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the  comet  at  perihelion,  on  the  i  8th  of  April,  1 759 ;  a  date,  hov- 
ever,  which,  hefore  the  re-appeannce  <^  the  oomety  he  finai 
reason  to  change  to  the  1  itii  of  April ;  and  aangned  the  pa& 
which  the  comet  would  follow  while  viaihle,  aa  detemuxied  bj  ihi 
following  data  :-^ 

iDclinatSon.       Loag.  ofnode.    Long .  of  prribeU     PeribrUdist.       JMrecctaB. 

^y**  37'  53**  50'        303^10'  058  retrognde. 


605.  »aniartirt»l»  •atlctpmtton  qT  tbm  dtacov«ri  •f  i 

—  In  announcing  his  prediction,  Clairaut  stated,  that  the  time 
assigned  for  the  approaching  perihelion  might  vaiy  from  the  actual 
time  to  the  extent  of  a  month;  for  that  independentlj  of  aaj  ecror 
either  in  the  methods  or  process  of  calculation,  the  event  might 
deviate  more  or  less  from  its  predicted  occurrence,  hj  reason  of 
the  attraction  of  an  tmduoovered  pUmd  of  ow  tyslem  revoiei^ 
beyimd  the  orbit  of  Sahtm,  In  twenty-two  years  after  this  time, 
this  conjecture  was  realised  by  the  discovery  of  the  planet  Uranus, 
by  the  late  Sir  William  Herschel,  revolving  round  the  sun  neariy 
one  thousand  millions  of  miles  beyond  the  orbit  of  Saturn ! 

606.  Frediotloii  of  Bailey  and  Clalraat  ftaUUled  br  *•- 
appearanee  of  tlio  oomet  in  17S8-9. — The  comet,  in  fine, 
appeared  in  December,  1758,  and  followed  the  path  predicted  bv 
Clairaut,  which  differ^  but  little  from  that  which  it  had  pursued 
on  former  appearances,  as  will  be  seen  by  a  comparison  of  the 
elements  as  given  above  with  those  since  ascertained.  It  passed 
through  perihelion  on  the  13th  of  March,  within  22  Aajs  of  the 
time,  and  within  the  limit  of  the  possible  errors  assigned  by 
Clairaut 

607.  IHatorbiaff  aotloa  of  a  planet  on  a  oomet  emplatnod. 

—  The  general  effects  of  a  planet  in  accelerating  or  retarding  the 
motion  of  a  comet  are  easily  explained,  although  the  exact  details 
of  the  disturbances  are  too  complicated  to  admit  of  any  exposition 
here. 

necessary  to  calculate  the  distance  of  each  of  the  two  planets,  Jninter  and 
Satam,  from  the  comet,  and  their  attraction  npon  that  body,  aeparat^,  for 
every  successive  degree,  and  for  150  years.** 

The  name  of  Madame  Lepante  does  not  appear  in  Clairaut^  memoir;  a 
suppression  which  Lalande  attributes  to  the  influence  exercised  by  another 
lady  to  whom  Clairaut  was  attached.  Lalande,  however,  quotes  letters  of 
Clairaut,  in  which  he  speaks  in  terms  of  high  admiration  of  **  la  savante 
calculatrice.**  Ibe  labours  of  this  lady  in  the  work  of  calculation  (for  she 
also  assisted  Lalande  in  constructing  his  Ephewuritiei)  at  length  00  weakcoed 
her  right  that  she  was  compelled  to  desist  She  died  in  1788,  while  attending 
on  her  husband,  who  had  become  insane.  See  the  artidea  on  cometa,  by 
Prof,  de  Moi^gan,  in  the  Qfrnpanitm  to  th9  Brititk  Almanac  for  the  year  1833 
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Fig.  94. 


Liet  'Sjfig,  94,  repreeent  the  place  of  the  disturbing  planet,  and 
c  that  of  the  comet.    The  attraction  of  the  planet  on  the  comet 
^vvill  then  be  a  force  directed  from  c 
t^o-waids  F,  and  by  the  principle  of  the 
composition  of  forces,  is  equivalent  to  two 
components,  one  c  m  in  the  direction  of 
the  comet's  path,  and  the  other  c  n  per- 
pendicular to  that  path.    K  the  motion 
of  the  comet  be  directed  from  c  towards 
nvy  it  will  be  accelerated ;  and  if  it  be 
dbnected  from  c  towards  m',  it  will  be  retarded  by  that  component 
of  the  planet's  attraction  which  is  directed  from  c  to  m.    The  other 
component  c  n  being  at  right  angles  to  the  comet's  motion,  will 
have  no  direct  effect  either  in  accelerating  or  retarding  it 

It  appears,  therefore,  in  general  , 
that,  if  the  direction  of  the  comet's 
motion  cm  make  an  acute  angle  with 
the  line  0  P  drawn  to  the  planet,  the 
planef  8  attraction  will  accelerate  it ; 
.and  if  its  direction  0  rnt  make  an 
obtoae  angle  with  the  line  c  p^  it 
will  retard  it 

This  being  understood,  the  dis- 
turbing action  of  a  planet  such  as 
Jupiter  or  Saturn  on  a  comet  such  as 
Halley's  may  be  easily  comprehend- 
ed.    In  fig,  95,  the   orbit  of   the 
comet  is  represented  at  a  c  p  (/^  in  its 
proper  proportions,    a  p  being  the 
major  axis,  p  the  place  of  perihelion, 
A  that  of  aphelion,  and  8  that  of  the 
focus  in  which  the  sun  is  placed. 
The  small  circle  described  round  s 
represents  in  its  proper  proportions 
the  orbit  of  the  earth,  whose  distance 
is   about  twice  that  of  the  comet 
when  the  latter  is  at  perihelion.  The 
circle /»///?''  represents  in  its  proper 
proportions  theorbit  of  Jupiter,  which, 
for  illustration,  we  shall  consider  as 
the  disturbing  planet 
It  will  be  apparent  on  the  mere 


Fnj.95. 


inspection  of  the  diagram,  that  lines  drawn  from  the  planet,  what- 
ever be  its  place,  to  any  point  whatever  of  the  comet's  path  be- 
tween its  aphelion  A  and  the  pomt  m'  where  it  arrives  at  the  orbit 
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of  the  planet  in  approaching  the  sun,  will  make  tcate  anglea  iritk 
the  direction  of  the  cornefs  motion;  and  that,  conseqaenliy t^ 
comet  will  be  accelerated  by  the  action  of  the  planet.  In  like 
manner,  it  is  apparent  that  lines  drawn  from  the  planet,  'vrhatev^ 
be  its  place,  to  any  point  whateyer  of  the  comet's  path  between 
m  and  aphelion  A,  will  make  obtuse  angles  with  the  direction 
of  the  comet's  motion  ,*  and,  consequently,  the  comet  will  be  re- 
tarded by.  the  action  of  the  planet,  in  departing  ftom  the  mm,  firm 
tn  to  A. 

In  that  part  of  the  comet's  path  which  lies  within  the  planet's 
orbit,  the  action  of  the  planet  alternately  accelerates  and  retard* 
it,  according  to  their  relative  position.  If  the  planet  be  at  ^ 
sdppose  p  o  drawn  so  as  to  be  at  right  angles  to  the  path  of  the 
comet  Between  m'  and  o  the  action  of  the  planet  at  p  will  accele- 
rate the  comet,  and  after  the  comet  passes  o  it  will  retard  it.  In 
like  manner  if  the  planet  be  at  p^%  it  will  first  retard  the  motion  €i 
the  comet  proceeding  from  m'  towards  A,  and  will  contlziue  to  do 
so  until  the  line  of  direction  becomes  perpendicular  to  that  of  the 
comet's  motion,  after  which  it  will  accelerate  it 

It  appears,  therefore,  that  during  the  period  of  the  comet  the 
disturbing  action  of  the  planet  is  subject  to  several  changes  of 
direction,  owing  partly  to  the  change  of  position  of  the  comet  and 
4)artly  to  that  of  the  planet ;  and  the  total  effect  of  the  disturbing 
action  of  the  planet  on  the  comet's  period  is  found  by  taking  the 
difference  between  the  total  amount  of  all  the  accelerating  and  all 
the  retarding  actions. 

In  the  case  of  the  planet  Jupiter  and  Halley's  comet,  the  former 
makes  nearly  seven  complete  revolutions  in  a  single  period  of 
the  comet;  and  consequently  its  disturbing  action  is  not  only 
subject  to  several  changes  of  direction,  but  also  to  continual 
variation  of  intensity^  owing  to  its  change  of  distance  from  the 
comet 

Small  as  the  arc  m'  p  fn  of  the  comet's  path  is  which  is  included 
within  the  orbit  of  Jupiter,  the  fraction  of  the  period  in  which  this 
arc  is  traversed  by  the  comet  is  much  smaMer,  as  will  be  appar^it 
by  considering  the  application  of  the  principle  of  equable  areas  to 
this  case.  The  time  taken  by  the  comet  to  move  over  the  arc  m'p  m 
is  in  the  same  proportion  to  its  entire  period,  as  the  area  included 
between  the  arc  m'  p  m  and  the  lines  m'  s  and  m  s  is  to  the  entire 
area  of  the  ellipse  A  p. 

To  simplify  the  explanation,  the  orbit  of  the  comet  has  here  been 
supposed  to  be  in  the  plane  of  that  of  the  disturbing  planet  If  it 
be  not;  the  disturbing  action  will  have  another  component  at  right 
angles  to  the  plane  of  the  comet's  orbit,  the  effect  of  which  will  be 
a  tendency  to  vary  the  inclination. 
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608.  WMee%  of  tlie  pertarbinc  aotion  of  Jnylter  and  Batnni 
osB  K«llex*o  oomot  botwoen  16«a  and  1788. — The  result  of  the 
investigatioD  by  Clairaut  showed  that  the  total  effect  of  the  dis- 
turbing action  of  Jupiter  and  Saturn  on  Halley's  comet  between 
its  perihelions  in  1682  and  in  1759,  was  to  increase  its  period  by 
618  days  as  compared  with  the  time  of  its  preceding  revolution, 
of  ^^hich  increase,  100  days  were  due  to  the  action  of  Saturu,  and 
5 1  8  to  that  of  Jupiter. 

Clairaut  did  not  take  into  account  the  disturbing  action  of  the 
earth,  which  was  not  altogether  inconsiderable,  and  could  not  allow 
for  those  of  the  undiacoyered  planets  Uranus  and  Neptune.  The 
effects  of  the  action  of  the  other  planets.  Mars,  Venus,  Mercury, 
and  the  planetoids,  are  in  these  cases  insignificant 

609.  Oalenlatioiio  of  Its  return  in  l«36~6.  —  In  the  interval 
of  three-quarters  of  a  century  which  preceded  the  next  re-appear- 
ance of  tills  comet,  science  continued  to  progress,  and  instruments 
of  observation  and  principles  and  methods  of  investigation  were 
still  further  improved ;  and,  above  all,  the  number  of  observers  was 
greatly  augmented.  Before  the  epoch  of  its  return  in  1835,  its 
motions,  and  the  effects  produced  upon  them  by  the  disturbing 
action  of  the  several  planets,  were  computed  by  MM.  Damoiseau, 
Pont^coulant,  Rosenberger,  and  Lehmann,  who  severally  predicted 
its  arrival  at  perihelion  :  — 

Damolaeau  -  •  -  •4th  Nov.  1835 

Pont^coulaiit  •  •  •  •      7th         „ 

Rosenberger  -  -  -  -    mh        „ 

Lebinanii  ....    26ch         „ 

610.  Vrodlotlona  AUllllod.  —  These  predictions  were  all  pub- 
lished before  July,  1835.  The  comet  was  seen  at  Home  on  the  5th  of 
August,  in  a  position  vnthin  one  degree  of  the  place  assigned  to  it  for 
that  day  id  the  ephemeris  of  M.  Rosenberger.  On  the  20th  of  August 
it  became  visible  to  all  observers,  and  pursued  the  course  with  verv 
little  deviation  which  had  been  assigned  to  it  in  the  ephemerides, 
arriving  at  its  perihelion  on  the  i6th  of  November,  being  very 
nearly  a  mean  between  the  four  epochs  assigned  in  the  predictions. 

After  this,  passing  south  of  the  equator,  it  was  not  visible  in 
northern  latitudes,  but  continued  to  be  seen  in  the  southern  hemi- 
sphere until  the  5th  of  May,  1 836,  when  it  finally  disappeared,  not 
again  to  return  until  the  year  191 1. 

It  appears  that  the  mean  distance  of  this  comet  is  about  eighteen 
times  that  of  the  earth,  and  that  it  is  consequently  a  little  less  than 
the  mean  distance  of  Uranus.  When  in  perihelion,  its  distance 
from  the  sun  is  about  half  the  earth's  distance,  while  its  distance 
in  aphelion  is  above  thirty-five  times  the  earth's  distance,  and 
therefore  seventy  times  its  perihelion  distance. 
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61 1.  »•■••  oooMt  9t  xaia.— On  tiie  2otii  of  Jnlj,  iSli,  a 
comet  WM  discovered  by  M.  Pons^  whose  orbit  was  calcnlatoi  br 
Professor  Encke,  and  was  found  to  be  an  ellipse  <^  snch  diiiwwaffw 
as  to  give  a  period  of  75J  years,  equal  to  that  of  Halley'a  oqdig*. 

612.  01b«ni'  eom^t  •#  l»lB.-^On  the  6th  of  Mmn^  1815. 
Dr.  Olbers  discovered  at  Bremen  a  comet  whose  oibit^  caleniated 
by  Professor  Beesel,  proved  to  be  an  ellipse,  with  a  p«riod  ci  74. 
years.  The  next  perihelion  passage  of  this  comet  is  predicted  fat 
the  9th  of  February,  1887. 

613.  Be  Vteo**  eomet  of  1S««. — On  the  28tfa  of  Felnnazy. 
1 846,  M.  de  Vico  discovered  a  comet  at  Rome,  whose  ovbit  appeaa 
to  be  an  ellipse,  with  a  period  of  72-73  years. 

614.  Brorsen's  oomet  of  1««T. — A  comet  was  diacovered  hf 
M.  Brorsen  at  Altona,  on  the  20th  of  July,  1 847 ;  the  oibit  of  which 
appears  to  be  an  ellipse,  with  a  period  of  about  75  yean. 

61;.  Wostplua*s  eomot  of  issa. — A  comet  was  dioeovefed 
at  Gottingen,  by  M.  Weetphal,  on  the  2  7th  of  June,  1852.  Its  ortit 
also  appears  to  be  an  ellipse,  with  a  period  of  about  70  yean. 

616.  Comets  witli  orbits  of  treat  emeeatrtettjr,  4yOm — Wi& 
regard  to  comets  having  elliptic  orbits  of  great  exoentricity,  mm  wdl 
as  those  whose  orbits  are  parabolic  or  hyperbolic,  it  is  unnecoooaiy 
to  enter  into  any  detaiL     Even  comets  whose  orbits  have  been 
found  to  be  elliptical,  have  periods  amounting  in  several  cases  to 
many  thousands  of  years,  whereas  those  whose  orbits  are  parabdk 
or  hyperbolic  have  appeared  amongst  us  for  a  short  time,  then 
leaving  our  skies  never,  most  probably,  to  return.    Some  c^  these 
comets  have,  however,  in  their  time  created  considerable  int«est 
by  their  magnitude  and  brilliancy.    As  an  example,  all  can  recoDecc 
the  magnificent  appearance  in  the  heavens  of  Donad^s  comet  in  the 
autumn  of  1 858,  yet  a  period  of  upwards  of  two  thousand  yeaa 
must  elapse  before  it  can  again  be  visible  to  the  inhabitants  <^the 
earth.      Astronomically  speaking,  these  splendid  comets  which 
cause  such  universal  interest  at  the  time  of  their  visibility,  sink  into 
insignificance,  on  account  of  their  uncertiun  period,  in  companaon 
with  the  faint  comets  of  short  period,  such  as  Ibcke's,  ^ehi'i^ 
Faye's,  and  others,  the  orbits  of  which  are  known  with  nesriy  ^e 
same  accuracy  as  those  of  the  separate  planets  of  the  solar  wjinem. 

We  have  not  space  to  give  a  catalogue  of  all  the  comets  whkh 
may  be  classed  under  this  section,  but  if  the  reader  be  denroos  of 
entering  more  fiilly  into  the  knowledge  of  the  exist^ice  and  motions 
of  these  wandering  bodies,  reference  can  be  made  to  the  work  00 
comets  by  Mr.  Hind,  who  has  devoted  so  much  attention  to  the 
subject  of  cometary  astronomy.  Mr.  Hind  has  given  a  catalogue 
of  the  orbits  of  all  the  comets  hitherto  computed,  together  with 
explanatory  notes  giving  considerable  infonnation. 
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rV.  PhTSIOAL  COHSTITUnOK  OF  COMBTS. 

617.  Apparent  form — Head  and  Tall. — Comets  in  general^ 
and  more  especially  those  which  are  visible  without  a  telescope, 
present  the  appearance  of  a  roundish  mass  of  illuminated  yapour  or 
nebulous  matter,  to  which  is  often,  though  not  always,  attached  a 
train  more  or  less  extensive,  composed  of  matter  having  a  like  ap- 
pearance. The  fomier  is  called  the  head,  and  the  latter  the  tail 
of  the  comet 

618.  Vneleos. — The  illumination  of  the  head  is  not  generallj 
oniform.  Sometimes  a  bright  central  spot  is  seen  in  the  nebulous 
matter  which  forms  it.    This  is  called  the  kuclexts. 

The  nucleus  sometimes  appears  as  a  bright  stellar  point,  and 
sometimes  presents  the  appearance  of  d  planetary  disk  seen  through 
a  nebulous  haze.  In  general,  however,  on  examining  the  object 
-with  high  optical  power,  these  appearances  are  changed,  and  the 
object  seems  to  be  a  mere  mass  of  illuminated  vapour  from  its 
borders  to  its  centre. 

6 1 9.  C«ma. — When  a  nucleus  is  apparent,  or  supposed  to  be  so, 
the  nebulous  haze  which  surrounds  it  and  forms  the  exterior  part  of 
the  head  is  called  the  coma, 

620.  Orlffln  ef  fbe  name. -^  These  designations  are  taken 
from  the  Greek  word  KOfiii  (kom^),  hair,  the  nebulous  matter 
composing  the  coma  and  tail  being  supposed  to  resemble  hair, 
and  the  object  being  therefore  called  coft^f  (kometes),  a  hairy 
star. 

621.  Kacmtnde  of  tlie  liead. — As  the  brightness  of  the  coma 
gradually  fiEMles  away  towards  the  edges,  it  is  impossible  to  deter- 
mine with  any  gfeat  degree  of  precision  its  real  dimensions.  These, 
however,  are  obviously  subject  to  enormous  variation,  not  only  in 
different  comets  compared  one  with  another,  but  even  in  the  same 
comet  during  the  interval  of  a  single  perihelion  passage.  The  great- 
est of  those  which  have  been  submitted  to  micrometrical  mensufe- 
ment  was  the  great  comet  of  181 1,  the  diameter  of  the  head  of 
which  was  found  to  be  not  less  than  i^  millions  of  miles,  which 
would  give  a  volume  greater  than  that  of  the  sun  in  the  ratio  of 
about  2  to  I.  The  diameter  of  the  head  of  Halley's  comet  when 
departing  from  the  sun,  in  1836,  at  one  time  measured  357,000 
miles,  giving  a  volume  more  than  sixty  times  that  of  Jupiter.  These 
are,  however,  the  greatest  dimensions  which  have  been  observed  in 
this  dass  of  objects,  the  diameter  rarely  exceeding  200,000  miles, 
and  being  generally  less  than  100,000. 

622.  IIa«nltade  of  fbo  nnolens. — Attempts  have  been  made, 
where  nuclei  were  perceivable,  to  estimate  their  magnitude,  and 
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diameters  have  been  assigned  to  them,  vaiTing  from  1 00  to  50CO 
miles.  For  the  reasons,  however,  already  explained,  these  i^oli^ 
must  be  regarded  as  very  doubtful. 

Those  who  deny  the  existence  of  solid  matter  within  tlie  cccul 
maintain  that  even  the  most  brilliant  and  conspicuous  of  those 
bodies,  and  those  which  have  presented  the  strongest  resemUazice 
to  planets,  axe  more  or  less  transparent  It  might  be  suppcwd 
that  a  fact  so  simple  as  this,  in  this  age  of  astronomical  activity, 
could  not  remain  doubtful;  but  it  must  be  considered  thai  tlic 
combination  of  circumstances  which  alone  would  test  such  a 
question,  is  of  rare  occurrence.  It  would  be  necessary  that  ^e 
centre  of  the  head  of  the  comet,  although  veiy  small,  should  pas 
critically  over  a  star,  in  order  to  ascertain  whether  such  star  is 
visible  through  it  With  comets  having  extensive  comae  without 
nuclei,  this  has  sometimes  occurred ;  but  we  have  not  had  such 
satisfactory  examples  in  the  more  rare  instances  of  those  which 
have  distinct  nuclei. 

In  the  absence  of  a  more  decisive  test  of  the  occultation  of  a 
star  by  the  nucleus,  it  has  been  maintained  that  the  existence 
of  a  solid  nucleus  may  be  fairly  inferred  from  the  gre«t  spleih 
dour  which  has  attended  the  appearance  of  some  comets.  A 
mere  mass  of  vapour  could  not,  it  is  contended,  reflect  sock 
brilliant  light  The  following  are  the  examples  adduced  by 
Arago:  — 

In  the  year  43  before  Christ,  a  comet  appeared  which  was  said  to  he 
visible  to  the  naked  eye  by  daylight  It  was  the  comet  which  the  Rocnans 
considered  to  be  the  soul  of  C«8ar  transferred  to  the  heavena  afier  Ins 
assassination. 

In  the  year  1401  two  remarkable  comets  were  recorded.  The  first  was  90 
brilliant  that  the  light  of  the  snn  at  noon,  at  the  end  of  March,  did  not 
prevent  its  nucleus,  or  even  its  tail,  from  being  seen,  llie  second  appeared 
in  the  month  of  June,  and  was  visible  also  for  a  considerable  tinoe  before 
sunset 

In  the  year  1532  the  people  of  Milan  were  alarmed  by  the  appearance  of 
a  star  which  was  visible  in  the  broad  daylight  At  that  time  Venus  was 
not  in  a  position  to  be  visible,  and  consequently  it  is  inferred  that  this  star 
must  have  been  a  comet 

The  comet  of  1577  was  discovered  on  the  13th  of  November  by  Tycho 
Brahe,  from  his  observatory  on  the  isle  of  Huene,  in  the  Sound,  before  sunset 

On  the  xst  of  February,  1744,  Chiseaux  observed  a  comet  more  brilbant 
than  the  brightest  star  in  the  heavens,  which  soon  became  equal  in  splendour 
to  Jupiter,  and  in  the  beginning  of  March  it  was  visible  m  the  presence  of 
the  sun.  By  selecting  a  proper  position  for  observation,  on  the  zst  of  March 
it  Was  seen  at  one  o'clock  in  the  afternoon  without  a  telescope. 

Such  is  the  amoimt  of  evidence  which  observation  has  supplied 
respecting  the  existence  of  a  solid  nucleus.  The  most  that  eaa 
be  said  of  it  iS;  that  it  presents  a  plausible  argument,  giving  some 
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probabOityi  but  no  positive  certainly,  that  comets  have  visited 
our  system  which  have  solid  nuclei ;  but,  meanwhile,  this  can  only 
be  maintained  with  respect  to  few :  most  of  those  which  have  been 
seen,  and  all  to  which  very  accurate  observations  have  been  directed; 
bave  afforded  evidence  of  being  mere  masses  of  semi-transparent 
matter. 

623.  Tbe  tan. — Although  by  far  the  greater  majority  of  comets 
are  not  attended  by  tails,  yet  that  appendage,  in  the  popular  mind, 
is  more  inseparable  from  the  idea  of  a  comet  than  any  other  attribute 
of  these  bodies.    This  proceeds  from  its  singular  and  striking  ap- 
pearance, and  from  the  fact  that  most  comets  visible  to  the  naked 
eye  liave  had  tails.    In  the  year  1 53 1 ,  on  the  occasion  of  one  of  the 
'visits  of  Halley's  comet  to  tJie  solar  system,  Pieire  Apian  observed 
that  the  comet  generally  presented  its  tail  in  the  direction  opposite 
to  that  of  the  sun.    This  principle  was  hastily  generalised,  and  is 
even  at  present  too  generally  adopted.    It  is  true  that  in  most  cases 
the  tail  extends  itself  from  that  part  of  the  comet  which  is  most 
remote  from  the  sun ;  but  its  direction  rarely  corresponds  with  the 
direction  which  the  shadow  of  the  oomet  would  take.    Sometimes 
it  has  happened  that  the  tail  forms  with  a  line  drawn  to  the  sun  a 
considerable  angle,  and  cases  have  occurred  when  it  was  actually  at 
right  angles  to  it 

Another  character  which  has  been  observed  to  attach  to  thi)  tails 
of  comets,  which,  however,  is  not  invariable,  is,  that  they  incline 
constantiy  toward  the  region  last  quitted  by  the  comet,  as  if  in  its 
progress  through  space  it  were  subject  to  the  action  of  some  re- 
sisting medium,  so  that  the  nebulous  matter  with  which  it  is 
invested,  suffering  more  resistance  than  the  solid  nucleus,  remains 
behind  it  and  forms  the  tail. 

The  tail  sometimes  appears  to  have  a  curved  form.  That  of  the 
oomet  of  1 744  formed  almost  a  quadrant  It  is  supposed  that  the 
convexity  of  the  curve,  if  it  exists,  is  turned  in  the  direction  from 
which  the  comet  moves.  It  is  proper  to  state,  however,  that 
these  circumstances  regarding  the  tail  have  not  been  clearly  and 
stttiflfactorily  ascertained. 

The  tails  of  comets  are  not  of  uniform  breadth  or  diameter; 
they  ai^pear  to  diverge  from  the  comet,  enlarging  in  breadth  and 
^iminiAiTig  In  brightness  as  their  distance  from  the  comet  in- 
creases. The  middle  of  the  tail  usually  presents  a  dark  stripe, 
which  divides  it  longitudinally  into  two  distinct  parts.  It  was 
long  supposed  that  this  dark  stripe  was  the  shadow  of  the  body  of 
the  comet,  and  this  explanation  might  be  accepted  if  the  tail  was 
always  turned  from  the  sun ;  but  we  find  the  dark  stripe  equally 
exists  when  the  tail,  being  turned  sideward,  is  exposed  to  the  effect 
of  the  son's  light 

BB 
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This  appearance  ia  uaualty  expUined  hy  the  suppotttioii  tint 
the  tail  is  a  hollow^  conical  shell  of  yaponr,  the  ezt^nal  smdhceflC 
which  poeseeeea  a  certain  thicknefls.  When  we  Tiew  it^  ^we  knk 
through  a  considerahle  thickness  of  vapour  at  the  edges,  and  Hsxom^ 
a  comparatiYely  small  quantity  at  the  middle.  Thus,  upon  tiie 
supposition  of  a  hollow  cone^  the  greatest  hrightnees  would  appear 
at  the  sides,  and  the  existenceof  a  dark  ^lace  in  ihe  middle  ^wonld 
be  perfectly  accounted  for. 

The  tails  of  comets  are  not  always  single ;  some  have  appeared 
at  different  times  with  several  separate  tails.  The  comet  of  1 744? 
which  appeared  on  the  7th  or  8th  of  March,  had  six  taila,  eeidi 
about  4^  in  breadth,  and  of  considerable  length.  Their  aidee  ' 
well  defined  and  tderably  bright,  and  the  spaces  between 
were  as  dark  as  the  other  parts  of  the  heavens. 

The  tails  of  comets  have  frequently  appeared,  not  only  a£  im- 
mense real  length,  but  extending  over  considerable  spaces  of  tbe 
heavens.  It  will  be  easily  understood  that  the  cqypar»it  length 
depends  conjointly  upcm  the  real  length  of  the  tail,  and  the  poaitian 
in  which  it  is  presented  to  the  eye.  If  the  Hne  of  vision  be  at 
right  angles  to  it,  its  length  will  appear  as  great  as  it  can  do  at  itv 
existing  distance;  if  it  be  oblique  to  the  eye,  it  wiU  be  fore- 
shortened, more  or  less,  according  to  the  angle  of  obliquity.  Tbe 
real  length  of  the  tail  is  easily  calculated  when  the  q>pareiit  kngth 
is  observed  and  the  angle  of  obliquity  known. 

In  respect  of  magnitude,  the  tails  are  unquestionably  the  meet 
stupendous  objects  which  the  discoveries  of  ^e  astronomer  hare 
ever  presented  to  human  contemplation. 

The  following  are  the  results  of  the  observadon  and 
ment  of  a  few  of  the  more  remarkable :  — 
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The  magnitude  of  these  prodigious  appendages  is  even  kss 
ftnit«i«g  than  the  brief  period  in  which  tliey  sometimes  emanate 
from  the  head.  The  tail  of  the  comet  of  1843,  long  enough  to 
stretch  £rom  the  sun  to  the  planetoidii^  was  fbnnad  in  leas  than 
twenty  days. 
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624.  IffftMf  Toliiiiie«mBd  deasltj  ef  e«mets. — The  massee  of 
eometBy  like  those  of  the  planets,  would  be  ascertamed  if  the  re- 
dpiocal  effects  of  their  gravitation/ and  those  of  any  known  bodies 
in  the  system,  could  be  observed.  But  although  the  disturbing 
action  of  the  planets  on  these  bodies  is  conspicuous,  and  its  effects 
have  been  calculated  and  observed,  not  the  slightest  effect  of  the 
same  kind  has  ever  been  ascertained  to  be  produced  by  them, 
even  upon  the  smallest  bodies  in  the  system,  and  those  to  which 
comets  have  approached  most  nearly. 

Notwithstanding  the  enormous  number  of  comets,  observed  and 
unobserved,  which  constantly  traverse  the  solar  system  in  all  con- 
ceivable directions ;  .notwithstanding  the  permanent  revolution  of 
the  periodic  comets,  whose  presence  and  orbits  have  been  ascer- 
tained; notwithstanding  the  frequent  visits  of  comets,  which  so 
thoroughly  penetrate  the  system  as  almost  to  touch  the  sur&ce  of 
tlie  sun  at  their  perihelion,  the  motions  of  the  various  bodies  of 
the  8yBtem,*'great  and  small,  planets  major  and  minor,  planetoids 
and  satellites,  go  on  precisely  as  if  no  such  bodies  as  the  comets 
approached  liieir  neighbourhood.  Not  the  smallest  effects  of  the 
atteacti<Hi  of  such  visitors  are  discoverable. 

Now  since,  on  the  other  hand,  the  disturbing  effects  of  the 
planets  upon  the  comets  are  strikingly  manifest,  and  since  the 
comets  move  in  elliptic,  parabolic,  or  hyperbolic  orbits,  of  which 
the  sun  is  the  common  focus,  it  is  demonstrated  that  these  bodies 
are  composed  of  ponderable  matter,  which  is  subject  to  all  the 
consequences  of  de  law  of  gravitation.  It  cannot,  therefore,  be 
doubted  that  the  comets  do  produce  a  disturbing  action  on  the 
planets,  although  its  eflfects  are  inappreciable  even  by  the  moat 
exact  observation.  Since,  then,  the  disturbances  mutually  pro- 
duced are  in  the  proportion  of  the  disturbing  masses,  it  follows 
'GuA  the  masses  of  the  comets  must  be  smaller  beyond  all  calcula- 
tion than  the  masses  even  of  the  smallest  bodies  among  the  planets 
prinuiry  or  secondaiy. 

The  volumes  of  comets  in  general  exceed  those  of  the  planets 
in  a  proportion  nearly  as  great  as  that  by  which  the  masses  of  the 
planets  exceed  those  of  tiie  comets.  The  consequence  obviously 
resulting  from  this  is,  that  the  density  of  comets  is  incalculably 


Their  densities  in  general  are  probably  thousands  of  times  less 
than  that  of  the  atmosphere  in  the  stratum  next  the  surface  of  the 
Earth. 

625.  JAgbst  of  oometa. — That  planets  are  not  self-luminous, 
but  receive  their  light  from  the  sun,  is  proved  by  their  phases, 
and  by  the  shadows  of  their  satellites,  which  are  projected  upon 
tiiem  when  the  latter  are  interposed  between  tliem  and  the  ton* 
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These  tests  are  inapplicable  to  comets.  They  exhibit  no  iphmrm, 
and  are  attended  by  no  bodies  to  intercept  the  sun's  light  Bat, 
unless  it  could  be  shown  that  a  comet  is  a  solid  mass,  impene- 
trable to  the  solar  rays,  the  non-existence  of  phases  is  not  a  pzoof 
that  the  body  does  not  receive  its  light  finom  ike  sun. 

A  mere  mass  of  doud  or  yapour,  though  not  self-luminous,  but 
rendered  visible  by  borrowed  light,  would  still  exhibit  no  e£^ct  of 
this  kind:  its  imperfect  opacity  would  allow  the  solar  light  to 
affect  its  constituent  parts  throughout  its  entire  depth — so  thai, 
like  a  thin  fleecy  cloud,  it  would  appear  not  stq^eiflciaUy  illiuiii- 
nated,  but  receiving  and  reflecting  light  through  all  itedimensiomn. 
With  respect  to  comets,  therefore,  the  doubt  which  has  existed  ia, 
whether  the  light  whidi  proceeds  from  them,  and  by  which  thej 
become  visible,  is  a  light  of  their  own,  or  is  the  light  of  tiie  son 
shining  upon  thenii  and  reflected  to  our  eyes  like  light  from  a  dond. 
Among  several  tests  which  have  been  proposed  to  decide  this 
question,  one  suggested  by  Arago  merits  a^ntion. 

It  has  been  already  shown  (0.  364  e<  teq,)  that  the  appamit 
brightness  of  a  visible  object  is  the  same  at  all  distances,  sup- 
posing its  real  brightness  to  remain  unchanged.  Now  if  comets 
shone  with  their  proper  light,  and  not  by  light  received  from  the 
sun,  their  apparent  brighteess  would  not  decrease  as  they  would 
recede  from  the  sun,  and  they  would  cease  to  be  visible,  not 
because  of  the  faintness  of  their  light,  but  because  of  the  small- 
ness  of  their  apparent  magnitude.  Now  the  contrary  is  found  to 
be  the  case.  As  the  comet  retires  from  thk  sun  its  apparent  bright- 
ness rapidly  decreases,  and  it  ceases  to  be  visible  froqi^the  mere 
faintness  of  its  light,  while  it  still  subtends  a  considerable  visual 
angle. 

626.  BBlargement  ^f  mmgnitmam  ob  departliiff  from  tb» 
nm. — It  will  doubtless  excite  surprise,  that  the  dimensions  of  a 
comet  should  be  enlarged  as  it  recedes  from  the  source  of  heat.  It 
has  been  often  observed  in  astronomical  inquiries,  that  the  effects, 
which  at  first  view  seem  most  improbable,  are  nevertheless  those 
which  frequently  prove  to  be  true ;  and  so  it  is  in  this  case.  It 
was  long  believed  that  comets  enlarged  as  they  approached  the 
sun  y  and  this  supposed  effect  was  naturally  and  probably  ascribed 
to  the  heat  of  the  sun  expanding  their  dimensions.  But  more 
recent  and  exact  observations  have  shown  the  veiy  reverse  to  be 
the  fact.  Comets  increase  their  apparent  volume  as  they  recede 
from  the  sun ;  and  this  is  a  law  to  which  there  appears  to  be  no 
well-ascertained  exception.  This  singular  and  unexpected  pheno- 
menon has  been  attempted  to  be  accounted  for  in  several  ways. 
Valz  ascribed  it  to  the  pressure  of  the  solar  atmosphere  acting  upon 
the  comet;  that  atmo^here  being  more  dense  near  the  sun^  com- 
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prwooo  the  coinet  and  diminishes  its  dimensions;  and,  at  a  greater 
distance,  being  TeUeved  horn  this  coercion,  the,  body  swells  to  its 
natural  bulk.  A  yeiy  ingenious  train  of  reasoning  was  produced  in 
support  of  this  theory.  The  density  of  the  solar  atmosphere  and 
ihe  elasticity  of  the  comet,  being  assumed  to  be  such  as  they  might 
naturally  be  supposed,  the  Tariations  of  the  comefs  bulk  are  de- 
duced by  strict  reasoning,  and  show  a  surprising  coincidence  with 
the  observed  change  in  the  dimensions.  But  this  hypothesis  is 
tainted  by  a  fatal  eiior.  It  proceeds  upon  the  supposition  that  the 
comet,  on  the  one  hand,  is  formed  of  an  elastic  gas  or  vapour;  and, 
on  the  other;  that  it  is  impervious  to  the  solar  atmosphere  through 
which  it  moves.  To  establish  the  theory,  it  would  be  necessary 
to  suppose  that  the  elastic  fluid  composing  the  comet  should  be 
surrounded  by  a  nappe  or  envelope  as  dastic  as  the  fluid  composing 
the  comet,  and  yet  wholly  impenetrable  by  the  solar  atmosphere. 

After  several  ingenious  hypotheses  *  having  been  proposed  and 
successively  rejected  fDr  ezpliuning  this  phenomenon,  it  seems  now 
agreed  to  ascribe  it  to  the  action  of  the  varying  temperature  to 
which  the  vapour  which  composes  the  nebulous  envelope  is  exposed. 
As  the  comet  approaches  the  sun,  this  vapour  is  converted  by 
intense  heat  into  a  pure,  transparent,  and  therefore  invisible  elastic 
fluid.  As  it  recedes  firom  the  sun,  the  temperature  decreasing,  it  is 
partially  and  gradually  condensed,  and  assumes  the  form  of  a  semi- 
transparent  visible  doud,  as  steam  does  escaping  from  the  valve  of 
a  st^un  boiler.  It  becomes  more  and  more  voluminous  as  the 
distance  from  the  source  of  heat,  and  therefore  the  extent  of  con- 
densation, is  augmented. 

627.  9ToP^mmor  UtraTe**  drawlnffs  of  Xneke*a  comet. — 
Professor  Strove  made  a  series  of  observations  on  the  comet  of 
Encke,  at  the  period  of  its  reappearance  in  1828,  and  by  the  aid  of 
the  great  Doipat  telescope,  made  the  drawings  given  in  Plate 
XSJILJiga.  1  and  2. 

Fig,  1 ,  represents  the  comet  as  it  appeared  on  the  7th  of  November, 
the  diameters  a  b  and  e  d  measuring  each  1 8^ .  The  brightest  part 
of  the  comet  extended  from  a  to  k,  and  was  consequently  excentric 
to  it,  the  distance  of  the  centra  of  brightness  from  the  centre  of 
magnitude  being  ic  k.  Between  the  7th  and  the  30th  of  November, 
the  magnitude  of  the  comet  decreased  from  that  represented  in^.  i , 
to  that  represented  in  Jig.  2 ;  but  the  apparent  brightness  was  so 
much  increased,  that  at  the  latter  date  it  was  visible  to  the  naked 
eye  as  a  star  of  the  6th  magnitude.  The  apparent  diameter  was 
then  reduced  to  9'. 

*  For  tevenl  of  these,  see  Sir  J.  Heracbel^s  memoir  in  the  Memoin  of  t&e 
JZnyo/  Astronomieai  Society,  voL  vi.  p.  104. 
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On  the  7th  of  Norember  a  star  of  the  i  ith  magnittide  1 
through  the  oomet,  so  near  the  centre  c  of  brigfatneas  tiiat  it  was  lot 
a  moment  mistaken  for  a  nudeuB.  The  brightnesBof  the  star  vai 
not  in  the  least  perceptible  degree  dimmed  bj  the  mass  of  oantetii7 
matter  through  which  its  light  passed. 

It  was  eyident  that  the  increase  of  the  brightness  of  the  comet 
on  the.  30th  of  November  must  be  ascribed  to  the  cootractioai,  and 
consequent  condensation,  of  the  nebulous  matter  composing-  it  in 
receding  from  the  sun,  for  its  distance  from  the  eartli  cm  the  7th  of 
November,  when  the  nebulous  matter  subtended  an  angle  of  1 8^, 
was  0*515  (the  earth's  mean  distance  from  the  sun  being  =r  1); 
while  its  distance  on  the  30th,  when  it  subtended  an  angle  of  9^, 
was  only  0*477.  Its  cubical  dimensions  must,  therefore,  have 
been  diminished,  and  the  density  of  the  matter  composing  it  aug- 
mented, in  more  than  an  eight-fold  proportion. 

628.  Bemarkabte  pliyslMa  pli^nomeiia  -maBifastvd  tj 
Hftlley'a  eomat. — The  expectation  so  generally  entertained,  tiukt, 
on  the  occasion  of  its  return  to  perihelion  in  1835,  this  ooanel 
would  afford  observers  occasion  for  obtaining  new  data,  for  the 
foundation  of  some  satisfactory  views  respecting  the  physical  con- 
stitution of  the  class  of  which  it  is  so  striking  an  example,  was  not 
disappointed.  It  no  sooner  reappeared  than  phenomena  began  to 
be  manifested,  preceding  and  accompanying  the  gradual  formadoo 
of  the  tail,  the  observation  of  which  has  be^  most  justly  regarded 
as  forming  a  memorable  epoch  in  astrcmomical  Idstorj. 

Happily,  these  strange  and  important  appearances  were  observed 
with  the  greatest  zeal,  and  delineated  with  the  most  daborate  and 
scrupulous  fidelity,  by  several  eminent  astronomers  in  both  hemi- 
spheres. MM.  Bessel  at  Eonigsberg,  Schwabe  at  Dessau,  and 
Struve  at  Pulkowa,  and  Sir  J.  Herschel  and  Mr.  Madear  *  at  ^ 
Cape  of  Good  Hope,  have  severally  published  their  obsorations. 
aco(Mnpanied  by  numerous  drawings,  exhibiting  the  successive 
transformations  presented  under  the  physical  influence  of  varying 
temperature,  in  its  approach  to  and  departure  from  the  sun. 

The  comet  first  became  visible  as  a  small  round  nebula,  vrithout 
a  tail,  and  having  a  bright  point  more  intensely  luminous  than  the 
rest  excentrically  placed  within  it  On  the  2d  of  October  the  tail 
began  to  be  formed,  and,  increanng  rapidly,  acquired  a  length  of 
about  5^  on  the  5th ;  on  the  20th  it  attained  its  greatest  length, 
which  was  20^.  It  began  after  that  day  to  decrease,  and  its 
diminution  was  so  rapid,  that  on  the  29th  it  was  reduced  to  3®, 
and  on  the  5  th  of  November  to  2^^   The  comet  was  observed  oa  the 

*  Kow  Sir  Thomas  Maclear. 
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dnj  of  its  peiikelion  by  M.  Struve^  at  tiie  Ohdertafoiy  of  Pulkow0, 
when  no  tail  whatevdr  was  apparent* 

7he  circumstances  which  accompanied  the  increase  of  the  tail, 
from  the  zvd  of  October,  until  its  disappearance,  were  extremely 
lemarkable,  and  were  observed  with  scrupulous  precision,  simul- 
taneously l^  Bessel  at  Konigsberg,  by  StruTe  at  Pulkowa,  and  by 
Schwabe  at  Dessau,  all  of  whom  made  drawings  from  time  to 
time,  delineating  the  successive  changes  which  it  underwent; 

On  the  2nd,  the  conunencement  of  the  formation  of  the  tail  took 
place  by  the  appearance  of  a  violent  ejection  of  nebulous  matter 
£rom  that  part  of  the  comet  which  was  presented  towards  the  sun. 
This  ejection  was,  however,  neither  uniform  nor  continuous.  Like 
the  fieiy  matter  issuing  from  the  crater  of  a  volcano,'  it  was  thrown 
out  at  intervals.  After  the  ejection,  which  was  conspicuous,  ao- 
oording  to  Bessel,  on  the  2nd,  it  ceased,  and  no  efflux  was  observed 
lor  several  days.  About  the  8th,  however,  it  recommenced  more 
violently  than  before,  and  assumed  a  new  form.  At  this  time 
Schwabe  noticed  an  appearance  which  he  denominates  a  ''second 
tail,''  presented  in  a  direction  opposed  to  that  of  the  original  tail, 
and,  therefore,  towards  the  sun.  This  appearance  seems,  however, 
to  be  regarded  by  Bessel- merely  as  the  renewed  ejection. of  ne- 
bulous matter,  which  was  afterwards  turned  back  from  the  sun  as 
smoke  would  be  by  a  current  of  air  blowing^  from  the  sun  in  the 
direction  of  the  original  taiL 

From  the  8th  to  the  22nd,  the  form,  position,  and  brightness  of 
the  nebulous  emanations  underwent  various  and  irregular  changes, 
the  last  alternately  increasing  and  decreasing. 

At  one  time  two,  at  another  three,  nebulous  emanations  were 
observed  to  issue  in  divergent  directions.  These  directions  were 
continually  varying,  as  well  as  their  comparative  brightness. 
Sometimes  they  would  assume  a  swallow-tailed  form,  resembling 
the  flame  issuing  from  a  fan  gas-burner.  The  principal  jet  or  tail 
was  also  observed  to  oscillate  on  the  one  side  and  the  other  of  a 
line  drawn  from  the  sun  thi*ough  the  centre  of  the  head  of  the  comet, 
exactly  as  a  compass  needle  oscillates  between  the  one  and  the 
other  side  of  the  magnetic  meridian.  This  oscillation  was  so  rapid, 
that  the  direction  of  the  jets  was  visibly  changed  from  hour  to  hour. 
The  bri^tness  of  the  matter  composing  them,  being  most  intense  at 
the  point  at  which  it  seemed  to  be  ejected  from  the  nucleus,  faded 
away  as  it  expanded  into  the  coma,  curving  back;wards,  in  the  di- 
x<ection  of  the  principal  tail,  like  steam  or  smoke  before  the  wind. 

629.  StniT6's  drawinira  of  tlie  eom«t  approaoliiiiv  tlie  mun 
in  lass. — These  curious  phenomena  will,  however,  be  more 
clearly  conceived  by  the  aid  of  the  admirable  drawings  of  M. 
Struve,  which  we  have  reproduced  with  all  practicable  fidelity,  in 
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Plates  XXrV.  XXV.  and  XXVL  These  drawings  wore  execated 
by  M.  Kniger,  an  eminent  artist,  from  the  immediate  olMemi&n 
of  the  appearances  of  the  comet  with  the  great  Fraonhofer  telescope, 
at  the  Pulkowa  Obserratory.  The  sketches  of  the  artist  wen 
corrected  by  the  astronomer^  and  only  adopted  definitivelj  after 
repeated  comparisons  with  the  object  The  original  drawings  aie 
preserved  in  the  library  of  the  observatory.  

630.  Its  aiMPe«nuio«  on  BeFtamber  a9tli. — Plate  XXIV. 
fig.  I,  represents  the  appearance  of  the  comet  on  tlie   zptli  of 

September.  The  tail  was  difficult  to  be  recognised,  appearing  to 
be  composed  of  very  feeble  nebulous  matter.  The  nucleus  passed 
almost  centzically  over  a  star  of  the  loth  magnitude,  iKrithont  in 
the  slightest  degree  affecting  its  apparent  brightness.  The  star 
was  distinctly  seen  through  the  densest  part  of  the  comet.  Another 
transit  of  a  star  took  pla^  with  a  like  result 

Annexed  is  the  scale  according  to  which  this  drawing  lias  been 
made. 
v:f       ^       tf  xcf  uf  p/  41/  50^ 
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63 1 .  Appearaaee  on  Oetober  3. — This  is  represented  in^.  2, 
on  the  same  scale. 

The  comet  changed  not  only  its  magnitude  and  form,  but  also  its 
position  since  September  29.  On  that  day  the  direction  of  the  tail 
was  that  of  the  parallel  of  declination  through  the  head.  On  October 
3,  it  was  inclined  from  that  parallel  towards  the  north  at  a  small 
angle,  and,  instead  of  being  straight,  was  curved.  The  diameter  of 
the  head  was  increased  in  the  ratio  of  2  to  3,  and  the  length  of  the 
tail  in  the  ratio  of  nearly  i  to  3. 

632.  Appearance  on  October  S.— Plate  XXV.  ^.  i.  This 
drawing  is  made  on  the  subjoined  scale  of  seconds. 

10"    o^      ao^      40^        60^        80"      100^      110" 
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On  the  5th,  6th,  and  7th  the  comet  underwent  several  changes: 
the  nucleus  became  more  conspicuous.  On  the  6th,  a  fan-fonued 
flame  issued  from  it,  which  disappeared  on  the  7th,  and  reappeared 
on  the  8th  with  increased  splendour,  as  represented  in  the  figure. 
The  nucleus  appeared  like  a  burning  coal,  of  oblong  form,  and 
yellowish  colour.  The  extent  of  the  flame-Hke  emanation  was  about 
30'^  The  feeble  nebula  surrounding  the  nuclei  extended  much 
beyond  the  limits  of  the  drawing,  but,  being  ovetpowered  by  the 
moonlight,  could  not  be  measured. 

633.  Appearaaoe  on  October  9. — Plate  XXV.  fig,  2,  same 
scale,  represents  the  nucleus  and  flame-like  emanation,  which 
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entirely  changed  their  form  and  magnitude  since  the  preceding  night. 
The  tail  (not  included  in  the  drawing)  measured  Teiy  nearly  2®. 
The  flame  consisted  of  two  part«,  one  resembling  that  seen  on  the 
Sth^  and  the  other  issuing  like  the  jet  from  a  blow-pipe  in  a  direc- 
tion at  right  angles  to  it.  The  figure  represents  the  nudeus  and  flame 
as  they  appeared  at  2 1^  sid.  time;  with  a  magnifying  power  of  254. 
634.  Appearance  on  Oetober  10. — Plate  XXV. ^.  3,  on  the 
same  scale.  The  tail,  which  still  measured  nearly  2^,  was  now 
much  brighter,  being  yisible  to  the  naked  eye,  notwithstanding 
strong  moonlight,  llie  coma  was  evidently  broader  than  the  tail. 
The  flaming  nucleus  is  represented  in  the  drawing  as  it  appeared 
under  a  magnifying  power  of  86,  with  a  field,  of  1 8^  diameter,  the 
entire  of  which  was  Med  with  this  coma.  The  diameter  of  the  latter 
must,  therefore,  hare  been  more  than  1 8^  The  drawing  was  taken 
at  2 1  A.  sidereal  time. 

635.  Appearance  en  October  la. — Plate  XXV.  fig,  4,  on 
the  same  scale.  The  comet  appeared  at  o^  25"*  sid.  time  for  a 
short  interval  in  unconmion  splendour,  the  nucleus  and  flame, 
however,  alone  being  visible,  as  represented  in  the  drawing. 
The  greatest  extent  of  the  flame  measured  t^''*"].  Its  appear- 
ance was  most  beautiful,  resembling  a  jet  streWing  out  from  the 
nucleus,  like  flame  from  a  blow-pipe,  or  ^e  flame  from  the  discharge 
of  a  mortar,  attended  with  the  white  smoke  driven  before  the  wind. 

636.  Appearance  en  October  1ft. — Plate  XXV. ^.  5,  on  the 
same  scale.  The  principal  flame  was  now  greatly  enlarged,  extend- 
ing to  the  apparent  length  of  1 34^^  Its  deflection  and  curved  form 
were  most  remarkable. 

637.  Appearance  en  October  ap. — A  cloudy  sky  prevented 
all  observation  for  1 2  days.  On  the  '27th,  the  comet  appeared  to 
the  naked  eye  as  bright  as  a  star  of  the  third  magnitude,  the  tail 
being  distinctly  visible.  The  coma  surrounding  the  nucleus 
appeared  as  a  uniform  nebula.  The  tail  was  curved  and  of  great 
length ;  but,  owing  to  the  low  altitude  at  which  the  observation 
was  taken,  it  could  not  be  measured.  On  the  29th,  however,  the 
comet  was  presented  under  much  more  favourable  conditions,  and 
the  drawings,  Pkte  XXTV.  fig.  3,  and  Plate  XXVI.  fig,  I,  were 
made.  The  former  represents  the  entire  comet,  including  the  whole 
visible  extent  of  the  tail,  and  is  drawn  to  tiie  annexed  scale  of 
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minutes.    The  latter  represents  the  head  of  the  comet  only,  and  is 
drawn  to  the  annexed  scale  of  seconds. 

10"  o^     vf'     40"     60"     W     VXf  MO" 
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At  20^  30*  sidereal  time,  ^e  head  preaeiited  the  appesnnce 
repreaented  in  Plate  XXYL^.  i.  The  chief  ooma  was  ahiusi 
exactly  circular,  and  had  a  diameter  of  1 65'^  With  a  power  of  198, 
the  nucleus  appeared  as  in  the  figure,  the  diameter  being  aboct 
i''*25  to  I '''50.  The  flame  issuing  firom  the  nucleus,  curred  b^ 
like  smoke  before  the  wind,  was  reiy  conspicuous.  The  appeaimee 
of  the  formation  of  the  tail  as  it  issues  from  the  nucleus  was  re- 
markably devdoped. 

638.  AppeOTwioe  OB  VoTember  8. — Plate  XXVL^.  2. 
This  drawing  represents  the  nucleus  and  flame  issuing  from  it  on 
the  annexed  scale  of  seconds. 

10^   Of*            uf            40*'           6a^            80*           loa'*          uoT 
|niii       r I I \ I I L_J \ I I I 

The  proper  nucleus  was  found  to  measure  about  2^*3.  Two 
flames  were  seen  isiming  from  it  in  nearly  opposite  directionfl,  and 
both  curred  towards  the  same  side.  The  br^ter  flame,  directed 
towards  the  north,  was  marked  by  strongly  defined  edges.  Hie 
other,  directed  towards  the  south,  was  more  feeble  and  ill-defined. 

639.  Sir  J.  Saraehers  daduettons  fktnn  tlieae  phenoiBMMu 
— Sir  J.  Herschel'  who  also  observed  this  comet  himself  at  the 
Gape  of  GKx>d  Hope^  makes  from  all  these  observations  the  following 
inferences. 

1.  That  the  matter  of  the  comet  vaporised  by  the  sun*s  heat 
escapes  in  jets,  throwing  the  comet  into  irregular  motion  by  its 
reaction,  and  thus  changing  its  own  direction  of  ejection. 

2.  That  this  ejection  takes  place  principally  from  the  part  pre- 
sented to  the  sun. 

3.  That  thus  ejected,  it  encounters  a  resistance  from  some  un- 
known force  by  which  it  ia  repulsed  in  the  opposite  direction,  and 
so  forms  the  tail. 

4.  That  this  acts  unequally  on  the  oometaiy  matter,  whidi  is 
not  all  vaporised,  and  of  that  which  is  a  considerable  portion,  is 
retained  so  as  to  form  the  head  and  coma. 

5.  That  this  force  cannot  be  solar  gravitation,  being  contrary  to 
that  in  its  direction,  and  very  much  greater  in  its  intensity,  as  is 
manifest  by  the  enormous  y^odty  with  which  the  matter  <^  the 
tail  is  driven  from  the  sun. 

6.  That  the  matter  thus  repelled  to  a  distance  so  great,  from  a 
body  whose  mass  is  so  small,  must  to  a  great  extent  escape  from 
the  feeble  influence  of  the  gravitation  of  the  mass  composing  the 
head  and  coma,  and,  unless  there  be  some  more  active  agency  in 
operation,  a  large  portion  of  such  vaporised  matter  must  be  lost  in 
space,  never  to  reunite  with  the  comet  This  would  lead  to  the 
consequence^  that  at  every  passage  through  its  perihelion  the  ouxnet 
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'^rould  lose  more  ilnd  more  of  its  raporisable  ctmslitaeBAB,  on  "which 
^the  production  of  the  coma  and  tail  depends,  so  that,  at  each 
successive  return,  the  dimensions  of  these  appendages  would  be  less 
and  less,  as  they  have  in  fact  been  found  to  be. 

64a.  Appewwioe  of  tlie  oomet  altar  parUialloa. — On  re- 
ceding from  the  sun  after  its  perihelion,  the  comet  was  observed 
nnder  veiy  Ikvotirable  circumstances  at  the  Cape  by  Sir  J.  Herschel 
and  Ml*.  Madear.  It  first  reappeared  there  on  the  24th  of  January, 
nnder  an  asptet  altogether  different  from  that  under  which  it  wa6 
seen  before  its  perihelion.  It  had  evidently,  as  Sir  J.  Rerschel 
thinks,  undeigone  some  great  physical  change,  which  had  operated 
an  entire  transformation  upon  it 

^  Nothing  could  be  more  surprising  than  the  total  change  which 
bad  taken  place  in  it  since  October.  ...  A  new  and  un- 
expected phenomenon  had  doToloped  itself,  qtdte  unique  in  the 
hitftoiy  of  comets.  Within  the  wellniefined  heaid,  somewhat  exoen<^ 
trically  placed,  was  a  vivid  nucleus  resembling  a  miniature  comet, 
with  a  head  and  tail  of  its  own,  perfectly  distinct  from  and  consider- 
ably exceeding  in  intensity  the  nebulous  disk  or  envelope  which  I 
have  above  cidled  the  *  head.'  A  minute  bright  point,  Mke  a  small 
star,  wto  distinctly  perceived  within  it^  but  whidi  was  never  quite 
80  well  defined  as  to  give  the  positive  assurance  of  the  existence 
of  a  solid  sphere,  mudi  less  could  any  phase  be  discerned." 

641.  OlMMrrattona  and  drawiniTS  of  Meaara;  Maelaar  and 
Snijth. — The  phenomena  and  changes  which  the  oomet  presented 
from  its  reappearance  on  the  24th  of  January,  until  its  final  dis- 
appearance^ have  been  described  wilb  great  deamess  by  Mn 
Madear,  and  illustrated  by  a  beautifrd  series  of  drawings  l^  that 
astronomer  and  his  assistant,  Mr.  Smyth,  in  a  memoir  whicH 
appeared  in  the  tenth  volume  of  the  jyoMoctums  of  the  Royal 
AtCronamioal  Society,  from  which  we  reproduce  the  series  of 
illustrations  given  on  Plates  XXVIL  and  XXVm. 

642.  Appearanoe  ea  Jaanarjr  a^ — The  comet  appeared,  as 
in^.  I,  visible  to  the  naked  eye  as  a  star  of  the  second  magnitude. 
The  head  Was  neariy  circular,  and  presented  a  pretty  well*defijied 
pUnetaxy  disk,  encompassed  by  a  coma  or  halo  of  delicate  gossamer- 
like bri^taess.  The  diameter  of  ^e  head,  without  the  halo  or 
coma,  measured  131'',  and  with  the  latter  492'^ 

643.  Appaaranaa  ea  Jaanary  25. — Fiy,  2.  Circular  form 
broken,  and  magnitude  increased.  Three  stare  seen  through  the 
coma,  and  one  Ibrough  the  head. 

644.  Appaaraaaa  on  Jaaoary  26.  —  Fig.  3.  Magnitude 
again  increased;  but  coma  diminished. 
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645.  Aypeaimaoe  on  Jmanmrj  ay.  —  jF^.  4.  Comet  begn  to 
aasome  the  parabolic  foTm,  and  increase  of  magnitude  ccmtiinied. 

646.  Aypeaimaoe  on  Jmnmmrj  28* — lig,  5.     The  coma  or 

halo  quite  inyiaibley  but  the  nucleus  appeared  like  a  faint  saali 
star.  The  magnitude  of  the  comet  continued  to  increase.  Tk 
observer  fancied  he  saw  the  fidnt  outline  of  a  taiL 

647.  Appeerwioe  en  Jtammrj  30.  —  Fig.  6.  The  fram  d 
the  comet  now  became  decidedlj  parabolic  The  Ineadth  acron 
the  head  was  702''^  being  greater  than  on  the  24th  in  the  ratio  of 
49  to  70,  or  7  to  10,  which  corresponda  to  an  increase  of  Tohnne 
in  the  ratio  of  1  to  3,  supposing  the  form  to  remain  unchanged ; 
but  it  was  estimated  that  Uie  extension  in  length  gave  a  aup^ficial 
increase  in  the  ratio  of  35  to  i,  which  would  correspond  to  a  modi 
greater  augmentation  of  Tolume. 

648.  Aypearanee  on  Vebmarar  !• — Fig.  7.  Further  increaBe 
of  magnitude,  the  form  remaining  the  same. 

649.  Appearance  on  Vebraarj  7.  —  Plate  XXVUUL  JSg.  I. 
The  comet  was  on  this  night  rendered  faint  by  the  effect  of  mooo- 
ligbt 

650.  Appearaaee  on  Vebmary  10«  —  Fig.  2.  Further  in- 
crease of  Tolume.    A  star  visible  through  the  body  of  the  comet 

651.  Appearanee  on  rebraary  16  and  23. — Figt.  3,  4. 
The  magnitude  went  on  increasing,  while  the  illumination  became 
more  and  more  fidnt^  and  this  continued  until  the  oomet*s  final  dis- 
appearance ;  the  outline,  after  a  short  time,  became  so  faint  as  to 
be  lost  in  the  surrounding  darkness,  leaving  a  Uand  nebulous 
blotch  with  a  ]E)right  centre  enveloping  the  nucleus. 

652.  Womber  of  comets. — According  to  Mr.  EGnd,  the  num- 
ber of  comets  which  have  appeared  since  the  birth  of  Christ  in  eadi 
successive  centuiy  is  as  follows:  L,  22.;  II.,  23.;  HX,  44.; 

IV.,  27.;  v.,  16.;  VI.,  25.;  vn.,  22.;  vra.,  i6.;  el,  42.; 
X.,  26.;  XL,  36.;  xn.,  26.;  xm,  26.;  xrv.,  29.;  xv.,  27.,- 

XVL,   31.5  XVn.,  25.J  XVm.,  64.J  XIX.  (first  half),  8a 
Total,  607. 

Since  the  beginning  of  the  second  half  of  the  present  oentniy,  a 
period  of  ten  years,  no  less  than  3 1  new  comets  have  been  dis- 
covered; this  arises  most  probably  from  the  great  predaon  of 
modem  astronomical  instruments,  added  to  the  zeal  and  devotion 
shown  by  astronomers  since  1845,  in  endeavouring  to  increase  our 
knowledge  by  the  discoveiy  of  new  members  of  our  planetaiy  and 
cometaiy  systems. 

653.  XKiration  of  tbe  appearance  of  eometa. — Since  comets 
are  visible  only  near  their  perihelia,  when  their  velocity  ii 
greatest,  the  duration  of  their  visibility  at  any  single  perihelion 
passage  is  generally  short    The  longest  appearance  on  lecoid  is 
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Hiat  of  the  great  comet  of  1811^  which  contmaed  to  be  yisible  for 
510  days.  The  comet  of  1 825  was  -visible  for  twelve  months,  and 
others  which  appeared  since  have  been  seen  for  eight  months. 
In  general,  howeTer,  these  bodies  do  not  continue  to  be  seen  for 
more  than  two  or  three  months. 

654.  Vmv  approadi  of  eomota  to  the  emrth. — Considering 
the  vast  numbers  of  comets  which  have  passed  through  the 
s^rstem;  such  an  incident  as  the  collision  of  one  of  them  with  a 
planet  might  seem  no  yeiy  improbable  contingency.  Lezell's 
comet  was  supposed  to  have  passed  among  the  satellites  of  Jupiter ; 
and,  if  that  were  the  case,  it  is  certain  that  the  motions  of  these 
bodies  were  not  in  the  least  affected  by  it  One  of  the  nearest 
approaches  to  the  earth  eyer  made  by  a  comet  was  that  of  the 
comet  of  1684,  which  came  within  216  semi-diameters  of  the 
earth,  a  distance  not  so  much  as  four  times  that  of  the  moon.  The 
brilliant  comet  of  186 1  approached  very  near  to  the  earth  on  July 
30.  Its  tail  was  supposed  to  envelop  our  globe  on  that  day,  or  at 
least,  to  have  been  at  a  very  short  dutanoe  from  us. 


CHAPTER  XEL 

THS  FECBD  SKABS.— MAOHTrUDK  AHD  LUSTRB, 

6$  5.  Oreatioii  not  elreiimacrfbed  by  tlio  aoUur  system. — 

The  region  of  space,  vast  as  it  is,  which  is  occupied  by  the  solar 
system,  forms  but  a  small  portion  of  that  part  of  the  material 
universe  to  which  scientific  inquiiy  and  research  have  been  extended. 
The  inquisitive  spirit  of  man  has  not  rested  content  within  such 
limits.  Taking  its  stand  at  the  extremities  of  the  system,  and 
throwing  its  searching  glance  toward  the  inteiminable  realms  of 
space  which  extend  beyond  them,  it  still  asks — What  lies  there  P 
Has  the  Infinite  circumscribed  the  exercise  of  his  creative  power 
within  these  precincts — and  has  He  left  the  unfathomable  depths 
of  ipace  that  stretch  beyond  them  a  wide  solitude  P  Has  He 
whose  dwelling  19  immensity,  and  whose  presence  is  everywhere 
and  eternal,  remained  inactive  throughout  regions  compared  with 
which  the  solar  system  shrinks  into  a  point  P 

Even  though  scienlifio  research  should  have  left  us  without 
definite  information  on  these  questions,  the  light  which  has  been 
shed  on  the  Divine  character,  as -well  by  reason  as  by  revdation, 
would  have  filled  us  with  the  assurance  that  there  is  no  part  of 
space  however  remote,  which  must  not  teem  with  evidences  of 
«xalted  power,  inexhaustible  wisdom,  and  untiring  goodness. 
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Bat  science  has  not  so  deserted  ns.  It  has,  on  tiie  catzsT, 
supplied  us  with  much  interesting  information  respecting  lepm 
of  the  universe;  the  extent  of  which  is  so  great  that  evea  ike 
whole  dimensions  of  the  solar  system  supply  no  modulus  m&r 
ciently  great  to  enable  us  to  express,  their  magnitude. 

656.  Tbo  solar  ayatem  vummaAeA  bjr  m  wmmt  %«K  lliailii 
▼old. —  We  are  furnished  with  a  variety  of  evidence,  eetahiiitiing 
incontestably  the  fact^  that  around  the  solar  system  to  a  vast  £»- 
tance  on  every  side  there  exists  an  unoccupied  space;  that  ^ 
solar  system  stands  alone  in  the  midst  of  a  vast  sc^tode.  It  hai 
been  shown,  that  the  mutual  gravitation  of  bodies  placed  in  the 
neighbourhood  of  each  other,  is  betrayed  by  its  effects  upon  theb 
motions.  If,  therefore,  there  exists  beyond  the  limits  of  the  solar 
system,  and  within  a  distance  not  so  great  as  to  render  the  attrac- 
tion of  gravitation  imperceptible,  any  mass  of  matter,  anch  ae 
anodier  sun  like  our  own,  such  a  mass  would  undoubtedly  exercise 
a  disturbing  force  upon  the  various  bodies  of  the  system.  It  would 
cause  each  of  them  to  move  in  a  manner  different  horn,  that  in 
which  it  would  have  moved  if  no  such  body  existed. 

Thus  it  appears  that,  even  though  a  mass  of  matter  in  oar 
neighbourhood  should  escape  direct  observation,  its  presence 
would  be  inevitably  betrayed  by  the  effects  which  its  gravitatian 
would  produce  upon  the  planets.  No  such  effects,  however,  are 
discoverable.  The  planets  move  as  they  would  move  if  the  solar 
system  were  independent  of  any  external  disturbing  attiacdoo. 
These  motions  are  such,  and  such  only,  as  can  be  accounted  for  by 
the  attraction  of  the  sun  and  the  reciprocal  attraction  of  the  other 
bodies  of  the  system.  The  inference  fix)m  this  is,  that  there  does 
not  exist  any  mass  of  matter  in  the  neighbourhood  of  the  aolar 
system  within  any  distance  which  permits  such  a  mass  to  exercise 
upon  it  any  discoverable  disturbing  influence ;  and  that  if  any  body 
analogous  to  our  sun  exists  in  the  universe,  it  must  be  placed  at  a 
distance  so  great,  that  the  whole  magnitude  of  our  system  trill 
shrink  into  a  point,  compared  with  it 

657.  Or4on  of  macnitndo  of  tbo  atara.— AmcHig  the  mul- 
titude of  stars  dispersed  over  the  firmament,  we  find  a  great  variety 
of  splradour.  Those  which  are  the  brightest  and  largest,  and  which 
are  said  to  be  of  the^s^  magnitude,  are  few;  the  next  in  order  of 
brightness,  which  are  called  of  the  second  magnitude,  are  more 
numerous;  and  as  they  decrease  in  brightness  their  number  rapidly 
increases. 

The  number  of  stars  of  the  first  magnitude  does  not  exceed  twen^- 
four;  the  second,  fifty;  the  third,  two  hundred;  and  so  on,  the 
number  of  the  smallest  visible  without  a  telescope  being  from  i  a,ooo 
to  15,00a 
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The  stars  which  are  capable  of  being  seen  by  the  naked  eye  are 
usually  resolyed  into  seven  orders  of  magnitude — the  first  being  the 
'bzightest  and  largest,  while  those  of  the  seyenth  magnitude  are  the 
anudleet  that  the  eye  can  distinctly  see. 

658.  Tliese ▼•rtotles  ef  macnltiade  cmo— d  dhlelljrbj  dlfls- 
r«iie«  of  dlstaaoe. — Are  we  to  sappose,  then,  that  this  relatiTe 
brightness  which  we  perceive^  really  arises  from  any  difference  of 
intrinsic  splendour  between  the  objects  themselves  P  or  does  it^  as 
it  may  equally  do,  arise  from  their  di£forence  of  distance  P    Are 
the  stars  of  the  seventh  magnitude  so  much  less  bright  and  con- 
spicuous than  those  of  the  first  magnitude,  because  they  are  really 
smaller  orbs   placed  at  the  same  distance  P   or  beoiuse  being 
intrinsically  equal  in  ^endour  and  magnitude,  the  distance  of 
thoee  of  the  seventh  magnitude  is  so  much  greater  than  the  distance 
of  those  of  the  first  magnitude  that  they  are  diminished  in  their 
apparent  brightness  P    We  know  that  by  the  laws  of  optics  the 
ligbt  received  from  a  luminous  object  diminishes  in  a  very  rapid 
proportion  as  the  distance  increases.   Thus  at  double  the  distance  it 
will  be  four  times  less,  at  triple  the  distance  it  will  be  nine  times 
lees,  at  a  hundred  times  the  distance  it  will  be  ten  thousand  times 
less,  and  so  on. 

It  is  evident,  then,  that  the  great  variety  of  lustre  which 
prevails  among  the  stars  may  be  indifferently  explained,  either 
by  supposing  them  objects  of  different  intrinsic  brightness  and 
magnitude,  placed  at  ^e  same  distance ;  o^  objects  generally  of 
the  same  order  of  magnitude,  placed  at  a  great  diversity  of  dis- 
tances. 

Of  these  two  suppositions,  the  latter  is  infinitely  the  more  pro- 
bable and  natural ;  it  has,  therefore,  been  usually  adopted :  and  we 
accordingly  conrider  the  stars  to  derive  their  variety  of  lustre  almost 
entirely  from  their  places  in  the  universe  being  at  various  distances 
from  us. 

659.  Stars  as  distant  flTMneatthotlierffeiierallj  as  tiMj  are 
firem  the  sun. — Taking  the  stars  generally  to  be  of  intrinncally 
equal  brightness,  various  theories  have  been  proposed  as  to  the  posi- 
tions which  would  explain  their  appearance ;  and  the  most  natural 
and  probable  is,  that  their  distances  from  each  other  are  generally 
equal,  or  nearly  so,  and  correspond  with  the  distance  of  our  sun  from 
the  nearest  of  them.  In  this  way  the  fact  that  a  small  number  of 
stars  only  appear  of  the  first  magnitude,  and  that  the  number  in- 
creases very  rapidly  as  the  magnitude  diminishes,  is  easily  rendered 
intelligible. 

660.  Wtaj*  stars  iaerease  la  avmber  as  tliej  aeerease  ia 
iDSfBttade. — If  we  imagine  a  person  standing  in  the  midst  of  a 
wood,  surrounded  by  trees  on  every  side,  and  at  every  distance,  those 
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which  immediately  surround  him  will  be  few  in  number^  and  br 
proximity  will  appear  large.  The  trunks  or  stumps  of  thoee  wiatk 
occupy  a  circuit  beyond  the  former,  will  be  mwe  numerous,  t^ 
circuit  being  wider,  and  will  appear  smaller,  because  their  distance 
is  greater.  Beyond  these  again,  occupying  a  still  wider  circuit,  wifi 
appear  a  proportionally  augmented  number,  whose  apparent  ma^ 
nitude  will  again  be  diminished  by  increased  distance ;  and  thus 
the  trees  which  occupy  wider  and  wider  circuits  at  greater  and 
greater  distances  will  be  more  and  more  numerous,  and  will  appear 
continually  smaller.  It  is  the  same  with  the  stars ;  we  are  placed 
in  the  midst  of  an  immense  cluster  of  suns,  surrounding  us  on  eveiy 
aide  at  inconceivable  distances.  Those  few  which  are  placed  im- 
mediately about  our  system,  appear  bright  and  large,  and  we  call 
them  star$  ofthejifd  inagniiude.  Those  which  lie  in  the  circuit 
beyond,  and  occupy  a  wider  range,  are  more  numerous  and  less 
bright;  and  we  call  them  sUtn  of  (he  second  magnitude.  And  thoe 
is  tiius  a  progression  increasing  in  niunber  and  distance  and  dimi- 
nishing in  brightness  until  we  attain  a  distance  so  great  that  the 
stars  are  barely  rinble  to  the  naked  eye.  This  is  the  limit  of  vision. 
It  is  the  limit  of  the  range  of  the  eye  in  its  natural  condition ;  but 
an  eye  has  been  giyen  us  more  potent  still,  and  of  infinitely  wider 
range, — the  eye  of  the  mind.  The  telescope,  a  creature  of  the  mi- 
derstanding,  has  conferred  upon  the  bodily  eye  an  infinitely  aug- 
mented range,  and,  as  we  shall  presently  see,  has  enabled  us  to 
penetrate  into  realms  of  the  universe,  which,  without  its  aid,  would 
never  have  been  known  to  us.  But  let  us  pause  for  the  present,  and 
dwell  for  a  moment  upon  that  range  of  space  which  comes  within 
the  scope  of  natural  vision. 

66i.  'WliatMre  tbo  flzad  atsnf — The  extent  of  thesteUar 
universe  visible  to  the  naked  eye,  and  the  arrangement  of  stars  in 
it  and  their  relative  distances,  have  just  been  explained.  But 
curiosity  will  be  awakened  to  discover,  not  merely  the  position  and 
arrangement  of  those  bodies,  but  to  ascertain  what  is  their  nature^ 
and  what  parts  they  play  on  the  great  theatre  of  creation.  Are 
they  analogous  to  our  planets  P  Are  they  inhabited  globes,  warmed 
and  illuminated  by  neighbouring  suns  P  Or,  on  tiie  other  hand, 
are  they  themselves  suns,  dispensing  light  and  life  to  systems  of 
surrounding  worlds  P 

662.  Tel«aeopea  ao  not  mafiilfy  tliem  Uke  tHa  plmnets. — 
When  a  telescope  is  directed  to  a  star,  the  effect  produced  is  strik- 
ingly different  from  that  which  we  find  when  it  is  applied  to  a 
planet  A  planet  to  the  naked  eye,  with  one  or  two  exceptions, 
appears  like  a  conmion  star.  The  telescope,  however,  immediately 
presents  it  to  us  with  a  distinct  circular  disk  similar  to  that  which 
the  moon  offers  to  the  naked  eye,  and  in  the  case  of  some  of  the 


MAGNITUDE  AND  LUSTRE  OF  THE  STARS.    37^ 

pljinets  a  powerful  telescope  will  make  them  appear  ci  consider* 
aUe  magnitude.  But  the  effect  is  yeiy  different  indeed  when 
Hie  same  instrument  is  directed  even  to  the  brightest  star.  We 
find  that  instead  of  magnifying^  it  actually  diminishes.  There  ia 
an  optical  illusion  produced  when  we  behold  a  star,  which  makes 
it  appear  to  us  to  be  surrounded  with  a  radiation  which  causes  it 
to  be  represented  when  drawn  on  paper^  by  a  dot  with  rays  diyerg- 
ing^  on  eyery  side  from  it.  The  effect  of  the  telescope  is  to  cut  off 
this  radiation,  and  present  to  us  the  star  as  a  mere  htcid  pomt, 
having  no  sensible  magnitude ;  nor  can  any  augmented  telescopic 
power  which  has  yet  been  resorted  to,  produce  any  other  effect 
Telescopic  powers  amounting  to  six  thousand  were  occasionally 
used  by  Sir  William  Herschel,  and  he  stated  that  with  these  the 
apparent  magnitude  of  the  stars  seemed  ksB,  if  possible,  than  with 
lower  powers. 

663.  Tlie  ab— ace  of  a  disk  pgerea  l»y  tiielr  occnitattoa  1»y 
tlia  sMOB.  —  We  haye  other  proofb  of  the  &ct  that  the  stars  haye 
no  sensible  disks,  among  which  may  be  mentioned  the  remarkable 
effect  called  the  occultation  of  a  star  by  the  dark  edge  of  the  moon. 
When  the  moon  is  a  crescent  or  in  the  quarters,  as  it  moyes  oyer 
the  firmament,  its  dark  edge  successiyely  approaches  to,  or  recedes 
from  the  stars.  And  from  time  to  time  it  happens  that  it  passes 
between  the  stars  and  the  eye.  If  a  star  had  a  sensible  cQsk  in 
this  case,  the  edge  of  the  moon  would  gradually  coyer  it,  and  the 
star,  instead  of  being  instantaneously  extinguished,  would  gradu- 
ally disappear.  This  is  found  not  to  be  the  case ;  the  star  preseryes 
all  its  lustre  until  the  moment  it  comes  into  contact  with  the  dark 
edge  of  the  mo<m'8  disk,  and  then  it  is  instantly  exting^uiahed, 
without  the  slightest  appearance  of  diminution  of  its  brightness. 

664.  MeaaUiv  ef  tHa  tsna  auiffattiide  as  applisd  to  stars. 
—It  may  be  asked  then,  if  such  be  the  case,  if  none  of  the  stars, 
great  or  small,  haye  any  disooyerable  magnitude  at  all,  with  what 
meaning  can  we  speak  of  stars  of  the  first,  second,  or  other  orders 
of  magnitude  P  The  term  magnitude  thus  applied,  was  used  before 
the  inyention  of  the  telescope,  when  the  stars,  haying  been  obseryed 
<mly  with  the  naked  eye,  were  really  supposed  to  haye  different 
magnitudes.  We  must  accept  the  term  now  to  express,  not  the 
comparatiye  magnitude,  but  the  comparatiye  brightness  of  the  stars. 
Thus  a  star  of  the  first  magnitude,  means  of  the  greatest  apparent 
brightness;  a  star  of  the  second  magnitude,  means  that  which  haa 
the  next  degree  of  splendour,  and  so  on.  But  what  are  we  to  infer 
from  this  singnlar  £ict,  that  no  magni^ing  power,  howeyer  great, 
will  exhibit  to  us  a  star  with  any  sMisible  magnitude  P  must  we  ad- 
mit that  the  optical  instrument  loses  its  magnifying  power  when  ap- 
plied to  the  star^  while  it  retains  it  with  eyeiy  other  yisible  object  P 
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Such  a  oonsequence  would  be  aninentlj  absurd.  We  axe  thet*- 
fore  driven  to  an  inference  regarding  the  magnitude  of  mtMXSp  m 
aatonifihing  and  almost  as  inconceivable  as  tha^  which  waa  fdroed 
vpon  us  respecting  their  distances.  We  saw  that  the  entire  : 
nitude  of  the  annual  orbit  of  the  earthy  stupendous  as  it  is,  ^ 
nothing  compared  to  the  distance  of  one  of  those  bodies,  and  < 
quentlj  if  that  orbit  were  filled  by  a  sun,  whose  magnitude  iprofold 
therefore  be  infinitely  greater  than  that  of  ours,  such  a  sun  would  not 
appear  to  an  observer  at  the  nearest  star  of  greater  magnitude  than 
I'' ;  consequently  it  would  have  no  magnitude  sensible  to  the  eye, 
and  would  appear  as  a  mere  lucid  point  to  an  observer  at  the  star  I 
We  are  then  prepared  for  the  inference  respecting  the  fixed  sten 
which  telescopic  observations  lead  to.  The  telescope  of  Sir  WiHiam 
Herschel;  to  which  he  applied  a  power  of  six  thousand,  did  un- 
doubtedly magnify  the  stars  six  thousand  times,  but  even  then  their 
apparent  magnitude  was  inappreciable.  We  are  then  to  infer  that 
the  distance  of  these  wond^ul  bodies  is  so  enormous  compered 
with  their  actual  magnitude,  that  their  i4>parent  diameter,  eeen 
from  our  system,  is  above  six  thousand  times  less  than  any  which 
the  eye  is  capable  of  perceiving. 

665.  vnty  aters  bmijt  be  rendered  Impercepttble  bj  thmir 
diataaoe. — It  appears,  therefore,  that  stars  are  rendered  sensihie  to 
the  eye,  not  by  subtending  a  sensible  angle,  but  by  the  li^t  they 
emit  An  illuminated  or  luminous  object,  such  for  example  aa  the 
sun,  has  the  same  apparent  brightness  at  all  distances,  and  oonae- 
quently,  the  quantity  of  light  which  the  eye  of  an  observer  receives 
from  it  being  in  the  exact  ratio  of  the  apparent  area  of  its  viaual 
disk,  is  inversely  as  the  square  of  its  distance.  It  remains,  however, 
to  be  explained  how  it  can  be  that,  after  it  ceases  to  have  a  disk  of 
sensible  diameter,  it  does  not  cease  to  be  visible.  This  arises  firom 
the  fact  that  the  luminous  point  constituting  the  image  on  the 
retina  is  intrinsically  as  bright  as  when  that  image  his  a  large 
and  sensible  magnitude.  The  eye  is  therefore  sensible  to  the  light, 
though  not  sensible  to  the  magnitude  of  the  image;  and  it  continues 
to  be  sensible  to  the  light,  until  by  increase  of  distance,  the  light 
which  enters  the  pupil  and  is  collected  on  the  retina,  though  still  as 
intense  in  its  brilliancy  as  before,  is  so  small  in  its  gwmiity,  that  it 
is  insufficient  to  produce  sensation. 

666.  Claaatlleattoa  of  stars  by  macnitndea  arMtrary  and 
inanailoleiit. — The  distribution  of  the  stars  visible  to  the  naked 
eye  into  seven  orders  of  magnitude,  has  been  so  long  and  so  generally 
received,  and  is  referred  to  so  universally  in  the  works  of  astrono- 
mers, ancient  and  modem,  that  it  would  be  impossible  altogether  to 
supersede  it,  and  if  possible,  such  a  change  would  be  attended  with 
great  inconvenience.  Nevertheless,  tli^«  classification  is  open  to  many 
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objectioiiB,  and  is,  from  its  looseness  And  want  of  definiteneee  and 
precision,  in  singular  discordance  with  the  actual  state  of  astrono- 
mical science.  The  stars  which  abound  in  such  countless  numbers 
on  the  firmament,  are  of  infimte  gradations,  from  that  of  Sinus,  the 
most  splendid  object  of  this  class,  to  the  most  faint  stars  which  the 
sharpest  and  most  practised  eje  can  distinguish  on  the  darkest  and 
dearest  night.  To  distribute  such  a  series  so  imperceptibly  decreas- 
ing in  spl^dour,  into  seven  orders  of  magnitude,*  must  obviously  be 
an  arbitrary  process,  in  which  no  two  observers  could  possibly  agree. 
There  are  no  natural  breaks  of  continuity  by  which  the  stars  of  the 
first  magnitude  could  be  separated  from  tiiose  of  the  second,  the 
second  from  those  of  the  third,  and  so  on.  Whatever  be  the  stars 
assigned  to  any  class,  the  brightest  will  be  undistinguishable  from 
the  fiBdntest  of  those  of  the  next  superior  magnitude,  and  the  frdntest 
will  be  equally  imdistinguishable  from  the  brightest  of  the  next 
inferior  magnitude. 

The  stars  assigned  to  any  order  of  magnitude,  must  in  such  a 
classification  differ  greatly  one  from  another  in  brightness. 
Thus,  of  the  24  or  25  stars  that  are  usually  asmgned  to  the 
first  magnitude  in  the  received  classification,  Sirius,  the  bright- 
est, is  fl^ut  four  times  as  bright  as  a  Centauri,  which  may  be 
taken  as  the  type  of  the  average  brightness  of  stars  of  this  magni« 
tude. 

667.  Itanportaaoe  of  more  ozaot  astrometric  expodients.  -^ 
When  it  is  considered  that  the  exact  ratio  of  the  apparent  lustre 
of  the  stars,  combined  with  their  parallaxes  when  the  latter  are 
known,  supplies  the  data  by  which  the  absolute  splendour  of  these 
bodies  may,  as  will  presently  appear,  be  calculated;  and  further^ 
that  they  may  be  thus  brought  into  immediate  numerical  com- 
parison with  the  sun,  which  is  itself  only  an  individual  of  the 
same  class  of  bodies,  the  importance  of  the  expedients  for  the 
more  exact  estimation  of  their  relative  lustre,  and  a  more  precise 
basis  of  classificaiion  as  to  apparent  magnitude,  cannot  fail  to  be 
felt  and  acknowledged.  The  importance  of  this  is  rendered  still 
greater  by  the  consideration  that  the  parallax  of  a  very  small 
number  of  stars  being  found  to  have  appreciable  magnitude,  the 
comparative  lustre  of  these  bodies  taken  in  the  mass  is  the  only 
ground  upon  which  any  estimate  of  their  relative  distances  can  be 
determined;  and  when  the  large  number  which  are  subject  to 
observation  is  considered,  and  the  improbability  of  their  differing 
greatly  in  intrinsic  magnitude  taken  collectively  in  classes,  it  must 
be  admitted  that  their  relative  apparent  brightness  cannot  fail 
to  be  a  tolerably  exact  exponent  of  their  comparative  distances. 

668.  Astromotor  oontrtTOd  ana  appUod  by  Mr  J.  Hersobol. 
—  During  his  residence  at  the  Cape,  Sir  J.  Herschel  contrived  an 
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•ppantos  for  tbe  more  exact  detenniiiadoii  of  tlie  reUti-re  liHtM 
of  tiie  Stan,  and  applied  it  with  great  adTaotage  to  the 
natioQ  of  the  relative  brightneee  of  a  considerable  number  of  1 
objects.  This  apparatus  consisted  of  a  rectangular  glass 
and  a  lens  so  mounted  that  two  celestial  objects  m*gkt  be  • 
jnztapositiony  one  directly,  and  the  other  bj  reflection  and 
mission  through  the  prism  and  lens,  the  apparent  brighteess  of  the 
latter  being  capable  of  being  yaried  at  pleasure  hj  the  observer,  so 
that,  by  proper  adjustments,  the  two  objects  thus  seen  msjr  be 
Tendered  sensibly  equal  in  brightness.  When  this  is  accomplished, 
the  arrangements  of  the  apparatus  are  such,  that  by  measuring  IIm 
distance  if  the  eye  of  the  obsenrer  from  the  focus  of  tiie  lens,  a 
measure  may  be  obtained,  by  which  the  comparatiye  lustre  of  any 
objects  to  which  the  apparatus  may  be  soccessiTely  directed  may 
be  determined. 

To  render  this  intelligible,  let  p,  Jiff,  96,  represent  the  rec- 
tangular prism,  one  of  the  faces  of  wliich  is  placed  so  as  to  reodye 
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a  pencil  cf  rays  passing  from  a  distant  object  j  perpendiculariy 
upon  it.  These  rays  are  totally  reflected  (0.  1 20)  by  the  back  of 
the  prism  at  P,  and  emerging  from  the  other  &ce  of  Uie  prism,  are 
received  upon  the  lens  L,  and  brought  to  a  focus  P,  as  if  they  came 
from  the  direction  p  p.  The  parallel  pencil  is  thus  converted  into 
a  divergent  pencil,  6f  which  p  is  the  focus,  and  the  point  P  will 
appear  to  an  eye,  placed  anywhere,  as  at  E,  within  the  limits  of 
the  divergent  pencil  as  a  star,  the  apparent  brightness  of  which 
will  be  more  or  less  according  as  the  eye  is  nearer  to  or  more  dis- 
tant from  p.  It  results  from  the  principles  of  optics,  that  the 
apparent  brightness  of  the  focal  point  p  will  be  inversely  as  the 
square  of  the  distance  s  p  of  the  eye  from  this  point  If,  then,  x 
express  the  apparent  lustre  of  p  when  the  eye  is  at  the  unit  of 
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-dittanoe  from  it,  M  dlTided  by  D*  will  exprees  its  apparent  lustre 
^when  the  eye  is  at  the  distance  D. 

Let  OS  now  suppose  thd  apparatus  so  airanged  in  its  podtion 
tliat  while  the  eye,  placed  within  the  divergent  pencil,  sees  the 
focus  r,  it  may  also  see,  in  juxtaposition  with  it,  a  star  s, 
-whose  lustre  is  to  be  determined.  Let  the  eye  be  moved  to  or 
fipom  7  until  the  lustre  of  the  star  becomes  sensibly  equal  to  that 
oi  F.  If,  then,  the  lustre  of  the  star  be  expressed  by  •.  we  shaU 
haye 

■=^- 

Let  the  apparatus  be  then  directed  to  another  star,  whose  lustre 
S^  is  to  be  compared  with  the  former,  and  let  the  same  operation  be 
vepeated,  the  distance  of  the  eye  fiom  f  being  so  regulated  as  to 
Tender  the  apparent  lustre  of  the  point  f  equal  to  that  of  the  second 
«tar.  The  distance  of  the  eye  from  F  being,  in  this  case,  expressed 
by  i/,  we  shall  then  have 

and  consequently, 

tiiat  is  to  say,  the  apparent  lustres  of  the  two  stars  are  in  the  in* 
Terae  numerical  ratio  of  the  squares  of  the  distances  of  the  eye 
from  F,  which  would  render  the  apparent  lustre  of  f  equal  to  those 
of  the  stars  respectively. 

In  the  series  of  observations  made  at  the  Cape  by  Sir  J.  Herschel, 
the  moon  was  the  object  with  which  the  stars  were  thus  compared. 
The  planet  Jupiter  would,  perhaps,  be  more  convenient ;  but  any 
object  which  would  retain  an  invariable  brightness  during  the  short 
interval  necessary  for  the  comparison  of  the  stars  under  observation 
would  serve  the  purpose. 

In  this  manner,  Sir  J.  Herschel  ascertained  numerically  the  com- 
parative brightness  of  a  considerable  number  of  stars  of  greater 
magnitude  than  the  fourth,  and  has  given,  in  his  **Cdpe  Ob^ervo' 
tioM,"  a  catalogue,  exhibiting  the  relative  magnitudes  to  two  places 
of  decimals. 

669.  VrlBolple  on  wMeh  tHe  •aeoesstva  orders  of  stellar 
mavaitnde  elMiiia  be  based. — Astronomers  are  not  agreed  as 
to  the  optical  conditions  by  which  the  successive  orders  of  stellar 
magnitudes  dionld  be  fixed.  It  might  appear,  at  first  view,  that  a 
Star  of  the  second  magnitude  ought  to  have  one-half  the  brightness 
of  one  of  the  first  magnitude,  that  a  star  of  the  third  magnitude 
ought  to  have  one-third  of  the  brightiiess,  and  so  on. 
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Bat  sach  a  proportion  would  not  be  at  all  in  aooordanoe  witib  Iba 
common  classification  of  magnitudes. 

The  more  genenilly  received  condition  has  been  a  sticoeeaioo 
of  magnitudes,  such  as  a  star  of  a  given  intrinsic  lustre  would  have 
if  removed  to  a  series  of  distances  increasing  in  arif^imetical  pro- 
gression. Thus,  stars  of  the  first  magnitude  would  be  at  die  imit 
of  stellar  distance^  those  of  the  second  magnitude  would  Iiavea 
lustre  due  to  twice  this  distance ;  tlK>se  c^  the  third  magnitude^  to 
three  times  this  distance,  and  so  on.  Now,  since  the  apparent 
lustre  of  an  object  is  in  the  proportion  of  the  inverse  square  of  tiie 
distance,  it  would  follow  that,  in  this  Byetem  the  sncceseioQ  of 
brightness  would  be  as  the  numbers  lfi,h^  '^^  ^  ^°* 

Meanwhile,  whatever  may  be  the  principle  adopted  for  this  daa- 
sification,  the  astrometric  expedient  contrived  by  Sir  John  Herachel 
being  sufficient  for  the  numerical  estimaticMi  oi  the  relative  bari^t- 
nesses  of  different  stars,  it  will  be  sufficient  to  detemmie  a 
variety  of  interesting  and  important  problems  respecting  the  ab- 
solute lustre  and  magnitudes  of  those  objects^  not  only  compared 
with  each  other,  but  with  the  sun. 

670.  OomparatlTO  loatre  of  a  Ctontunl  wftb  thmt  of  tlio  ftill 
mooB.  —  By  means  of  the  instrument  described  above.  Sir  J. 
Herschel  compared  the  full  moon  with  certain  fixed  stars,  and 
ascertained,  by  a  mean  of  eleven  observations,  that  its  Ixudse 
bore  to  that  of  the  star  a  C^itauri  which  he  selected  as  the  standard 
star  of  the  first  magnitude,  the  ratio  of  27,408  to  l ;  in  other  words^ 
he  showed  that  a  cluster  consisting  of  27,408  stars  equal  in  bright- 
ness to  that  of  a  Centauri  would  give  the  same  light  as  the  full 
moon, 

671.  CompMiaoB  of  tHe  loatre  of  tlie  ftill  moon  wtth  tbat 
of  tbe  aim. — Dr.  Wollaston  by  certain  photometric  methods 
which  are  considered  to  have  been  susceptible  of  great  preciaion, 
compared  the  light  of  the  sun  with  that  of  the  full  moon,  and  found 
that  the  ratio  was  801,072  to  i  :  or  in  other  words,  that  to  obtain 
moon-light  as  intense  in  its  lustre  as  sun-light,  it  would  be  neces- 
sary that  801^72  full  moons  should  be  stationed  in  the  firmament 
together. 

672.  CompaiiaoB  of  tHe  siib'b  Uglat  witb  tbat  of /r  CeatAnrL 
—  By  the  combination  of  these  observations  of  Herschel  and 
WoUaston,  we  are  supplied  with  means  of  bringing  into  direct  nu- 
merical comparison  the  sun  and  the  star  a  CentanrL  Since  it 
appears  that  the  light  of  a  Centauri  is  27,408  times  less  than  ^at 
of  the  full  moon,  while  the  light  of  the  full  moon  is  801,072  times 
less  than  that  of  the  sun,  it  will  evidently  f(^ow,  that  ike  light 
of  the  sim  is  very  nearly  22^000,000,000  times  more  intense  than 
that  of  a  Centauri. 
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673.  OompaiisoB  of  tiM  iatrlasle  splenaoor  of  tlie  muk 
i  «  flzod  star. — Since  all  analogy  and  obeervation  lead  to  the 
conclusion,  that  the  stars,  like  the  sun,  are  self-luminous  bodies, 
although  no  telescopic  power  which  we  can  command  can  exhibit 
tihem  with  a  sensible  disk,  it  cannot  be  doubted  that  they  are, 
like  the  sun,  spherical  bodies.  If  then,  I  express  the  intrinsic 
brightness,  or  what  is  the  same,  the  absolute  quantity  of  light 
emitted  by  a  superficial  unit  of  the  yisible  surface  of  such  a 
sphere,  and  if  u  express  the  superficial  magnitude  of  the  hemi- 
sphere presented  to  the  eye,  the  total  quantity  of  light  emitted, 
or  tofal  intrinsic  lustre,  will  be  expressed  by  i  x  m.  But  the 
apparent  lustre  will,  according  to  the  common  optical  law, 
decrease  as  the  square  of  the  distance  of  the  observer  increases, 
mnd  consequently,  if  i  x  x  express  the  lustre  at  the  unit  of  distance, 

I  X    -^  will  express  it  at  the  distance  B,  so  that  we  shall  have 

I  X  M  =  L  X  D*. 

If  the  apparent  lustre,  and  the  distance  of  the  star,  therefore,  be 
both  known,  the  intrinsic  lustre,  which  depends  conjointly  upon 
the  magnitude  of  the  luminous  surface  exposed  to  Tiew  and  its 
intrinsic  brightness,  will  be  known. 

674.  Astromotor  ounreotod  bjr  Ar.  &araner.  —  To  bring  a 
fixed  star  into  immediate  comparison  with  the  sun,  and  to  obtain 
a  measure  of  the  visual  magnitude  of  the  star,  supposing  it  to  have 
an  intrinsic  lustre  equal  to  that  of  the  sun,  would  be  easy  if  the 
distance  could  be  ascertained  to  which  it  would  be  necessary  to 
remove  the  sun,  so  that  it  shall  present  to  the  eye  the  same  appa- 
rent lustre  as  the  star,  for  in  that  case  the  visual  magnitude  of  the 
sun,  which  could  be  calculated  by  means  of  its  real  magnitude  and 
distance,  would  necessarily  be  equal  to  the  visual  magnitude  of 
the  star.  In  this  manner,  a  visual  angle  too  small  to  be  ascer- 
tained by  direct  instrumental  measurement,  would  be  determined 
by  indirect  means. 

Let  d=  the  real  diameter  of  the  sun,  3>= the  distance  to  which 
it  would  be  necessary  to  remove  it  from  the  observer,  so  that  it 
might  present  to  the  eye  the  same  appearance  as  a  given  star,  and 
let  ^3  its  visual  diameter  at  that  distance.  We  should  then  have^ 

♦"=206265  X    4 

and  ♦  would  then  be  the  visual  angle  subtended  by  the  star,  if  the 
•tar  be  supposed  to  have  the  same  intrinsic  lustre  as  the  sun.  But 
if  the  star  be  supposed  to  have  a  greater  or  less  intrinsic  lustre 
than  the  sun,  then  the  visual  magnitude  of  the  star  will  be  greater 
or  less  than  ^ 
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Althoagh  the  son  cannot  be  reaorad  to  incwMed 
the  same  optical  efifoct  may  bo  piodaoed  bj  tbe  foUowm^  expo* 
dient 

Let  ▲  B  0  D  be  a  tube  like  that  of  a  tdeeoope,  fbznMhed  witli  a 
diiq;»hnigm  at  B  o,  so  conitnicted  that  by  sliding  pieces^  a  cizcelar 
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Fig.  97. 

aperture;  haring  a  diameter  TariaUe  at  pleasure  within  practicaUe 
limits,  may  be  made  in  its  oentre.  Let  a  sliding  tabe  hapriiig'  an 
eye-hole  in  a  diaphragm  at  the  end  of  it,  like  that  in  tiie  eye-pieoe 
of  a  telescopoi  be  attached  to  the  other  end  ▲  ir  of  the  tube,  00 
that  the  dutance  of  the  eye-hole  from  ike  yariable  i4>etrtaTe  m  m 
may  be  yaried  at  pleasure  within  practicable  limits.  It  is  erident, 
that  the  diameter  of  the  aperture  m  n,  and  the  distance  from  tlie 
eye  at  B  to  m  n  being  known,  the  yisual  angle  subtended  by  iit  »  at 
B  will  be  determined. 

If  the  tube  thus  oonstracted  and  arranged  be  directed  to  thtf 
disk  of  the  sun,  a  circular  part  of  that  disk  haying  any  desired 
yisual  diameter  can  be  made  yisible  to  the  eye  placed  at  b.  This 
can  always  be  accomplished  within  limits  by  the  yariation  of  the 
diameter  m  n  of  the  aperture,  and  the  yariadon  of  the  distance  of 
the  eye  B  from  m  n. 

But,  by  a  well-understood  principle  of  optics  (0.  564),  tiie 
circular  part  of  the  sun's  disk  yisible  through  the  aperture  has 
exactly  the  same  appearance,  both  in  apparent  magnitude  and 
brightness,  as  the  sun  itself  would  haye  if  it  were  remoyed  to 
such  a  distance  from  the  obeeryer,  that  it  would  subtend  the  same, 
yisual  angle  as  that  subtended  by  the  aperture  m  n  at  the  eye  b. 

If  then  the  apparatus  be  so  adjusted,  that  the  apparent  lustre  of 
the  part  of  the  sun  seen  through  the  aperture  shall  be  equal,  as 
exacdy  as  can  be  determined  by  an  obseryation  of  this  kind,  to  the 
apparent  brightness  of  any  star,  it  will  follow,  that  the  yisual  angle 
subtended  by  the  aperture  seen  from  B,  will  be  equal  to  the  yisual 
angle  subtended  by  the  star ;  and  as  the  former  can  be  calculated 
by  knowing  the  real  diameter  of  the  aperture  and  its  distance  frtim 
B,  the  latter  can  be  inferred. 

In  the  practical  apjdication  of  this  metiiod,  tiie  difBcnltf  arisei 
from  not  being  able  to  bring  the  luminous  point  seen  in  the  tube 
into  immediate  juxtaposition  witii  the  star  with  which  it  is  ecnn- 
pared.    The  obeeryer  must  rely  upon  his  judgment  and  memoiy 
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of  tiie  appaient  brightnew  of  the  stBn,  to  determine  wlten  Huit  of 
-tiie  luminous  point  teen  in  the  tube  is  equal  to  it. 

675.  AstroBMtrlo  table  of  X90  prlneipal  ■tftn.^In  the 
following  table  are  ooUeoted  the  results  of  the  obserrations  of  Sir 
J.  Herschely  for  the  determination  of  the  relative  lustre  of  190 
jnindpal  stars.  In  addition  to  their  astrometric  magnitodes,  as 
determined  hj  Sir  J.  Herschel,  we  haye  computed  ttom  the  data 
supplied  bj  him;  their  relative  brightness  compared  with  that  of 
the  star  a  Centauri  as  a  standard,  and  also  their  light  in  billiontha 
of  the  light  of  tiie  sun. 

TABLR 

list  of  190  Stan,  from  the  firat  to  the  third  magnitude  indosite,  with  their 
Diagnitudes,  according  to  the  aAtrometrio  scale  proposed  by  Sir  John 
Herschel ;  and  their  apparent  brightness  compared  with  each  other,  and 
with  the  snn. 
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676.  Vie  of  tHa  teleseope  in  stellar  observattoas.— Since 

no  telescope  however  great  might  be  its  power,  has  ever  presented 
«  fixed  star  with  a  s^sible  di^,  it  might  be  inferred  that,  for  the 
purposes  of  stellar  investigations,  the  importance  of  that  instrument 
must  be  inferior  to  that  which  it  may  claim  in  other  applications; 
Nevertheless  it  is  certain,  that  in  no  department  of  physical  science 
Las  the  tekscope  produced  such  wonderful  results,  as  in  its  applica^ 
tion  to  the  analyses  of  the  starry  heavens. 

Two  of  the  chief  conditions  necessary  to  distinct  vision  are, 
first,  that  the  image  on  the  retina  shall  have  sufficient  magnitude ; 
or,  what  is  equivalent  to  this,  that  the  object  or  its  image  shall 
subtend  at  the  eye  a  visual  angle  of  sufficient  magnitude  (0.  349) ; 
and,  secondly,  it  must  be  sufficiently  illuminated  (0. 3  29).  When, 
by  reason  of  their  distance  from  tiie  observer,  visible  objects  fail 
to  fulfil  either  or  both  of  these  conditions,  the  telescope  is  capable 
of  re-establishing  them.  It  augments  the  visual  angle  by  substitu- 
ting for  the  distant  object,  which  the  observer  cannot  approach,  an 
optical  image  of  it  close  to  his  eye,  which  he  can  approach ;  and  it 
augments  tihe  illumination  by  collecting,  on  each  point  of  such 
image,  as  many  rays  as  can  enter  the  aperture  of  the  object  glass, 
instead  of  the  more  limited  number  which  can  enter  the  pupil  of  the 
'  naked  eye ;  the  allowance,  nevertheless,  being  made  for  tiie  light 
lost  by  reflection  firom  the  surfaces  of  the  lenses,  and  by  the  im- 
perfect transparency  of  their  material. 

The  increase  of  the  visual  angle  is  determined  by  the  ratio  of 
the  focal  length  of  the  object  glass  to  that  of  the  eye  glass  (0.  5 1  o), 
and  the  increase  of  illumination  is  determined  by  the  ratio  of  the 
area  of  the  aperture  of  the  object  glass  to  that  of  the  pupil,  which 
areas  are  proportional  to  the  squares  of  the  diameters  of  the  object 
glass  and  the  pupil.  The  illumination  will,  therefore,  Taiy  in  the 
ratio  of  the  square  of  the  aperture  of  the  telescope. 

To  explain  the  effect  of  the  telescope  applied  to  stellar  observa- 
tion, let  the  sun  or  any  similar  object  be  imagined  to  be  transferred 
to  a  gradually  increased  distance  firom  the  observer.  The  effect 
will  be  the  gradual  decrease  of  its  visual  diameter,  and  a  corre- 
sponding decrease  of  the  image  on  the  retina.  The  brightness  or 
intensity  of  illumination  of  that  image  will  remain  always  the  same 
(0.  364) ;  and,  consequently,  the  total  quantity  of  light  which  falld 
upon  it  will  be  decreased  in  the  exact  ratio  of  its  superficial  mag- 
nitude,— ^that  is,  in  the  ratio  of  the  square  of  its  diameter.  But 
this  diameter  is  always  proportional  to  the  visual  angle  subtended 
at  the  eye  by  the  object ;  and  this  angle  decreases  as  the  distance 
of  tiie  object  increases.  It  follows,  therefore,  that  the  total  quantity 
of  light  incident  on  the  retina,  firom  the  same  or  similar  objects  at 
diflbrent  distances,  decreases  as  tiie  square  of  the  distance  increases. 
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Now,  lei  the  dietanoe  of  the  son  from  the  obeerrer  ^  imagitoi 
to  be  increMod  until  the  visual  angle  beoomea  so  small  thiit  m 
aensilde  impTeesion  of  the  form  or  magnitude  of  the  object  is  *piD- 
duced.  Let  this  distance  be  ezpreased  hj  j/.  The  appeexaaoe  of 
the  sun  would  then  be  that  of  a  mere  luminous  point,  intkoal 
apparent  magnitude  or  fDrm.  It  would  in  ftctytherrfore^  have  the 
same  appearance  as  that  of  a  star  or  planet  Viaion  would  d^wad 
on  the  mere  excitation  of  the  retina  by  the  quantity  of  light  actn^ 
upon  it,  and  not  on  the  form  or  magnitiide  of  the  picture  prodived 
upon  it  The  fint  of  the  aboye-mentioned  conditioBa  of  distuiet 
vision  would  fkil  to  be  ftdfilled,  but  the  second  would  be  stiU  fid- 
filled.  Light  without  form  or  magnitude  would,  therefore,  be  &e 
sensible  impression  on  the  observer. 

K  we  now  imagine  the  sun  to  continue  to  be  tnnafened  to 
greater  and  greater  distances,  the  image  on  tlie  retina  will  be  pro- 
portionallj  diminished  in  magnitude;  but  aa  its  magnitude  has 
already  ceased  to  be  sensible  because  of  its  minuteneea,  this 
decrease  of  magnitude  will  necessarily  also  be  insensible.  But  the 
total  quantity  of  light  £idling  upon  the  retina  will  also  be  decnaaedy 
and  this  decrease  will  be  in  the  ratio  of  the  increase  of  the  aqaaie 
of  the  distance.  Now,  since  the  apparent  brightness  of  the  Inad- 
nous  point  to  which  the  sun  would  be  in  this  case  reduced,  nnial 
depend  altogether  on  the  total  quantity  of  light  frdling  on  the 
retina,  this  brightness  will  be  in  liie  inverse  ratio  of  the  square  oi 
the  distance. 

Let  t/  be  the  total  quantity  of  light  &lling  on  the  retina,  or  tiie 
apparent  brightness  of  the  object  at  the  distance  i/  at  which  it 
ceases  to  have  a  sensible  disk,  and  let  L  be  its  apparent  bxightBea^ 
at  any  greater  distance  D.  We  shall  then,  acecnding  to  what  has 
just  be^  explained,  have 

l:  l'::d'»  :d«j 
and  consequently, 


r 


J) 

from  which  it  appears  again  that  L  will  decrease  as  d"  increases. 

By  the  continual  increase  of  D,  therefore,  the  apparent  brightnesB 
of  the  luminous  point  to  which  the  object  has  been  reduced,  would 
be  continually  diminished,  and  it  would  sucoessivdy  assume  tiie 
appearance  of  stars  of  less  and  less  magnitude,  until  at  length  the 
quantity  of  light  falling  on  the  retina  would  become  so  small  that 
it  would  be  insufficient  to  produce  a  sensible  impression  on  the 
oigan,  and  the  object  would  cease  to  be  seen.  Let  ti^e  distonce 
at  which  this  would  take  place  be  J/'. 

It  appears,  then,  that  in  the  gradations  of  the  optical  impreenon 
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pvodiiced  hj  foch  a  ocmtmuallj  leoeding  olject^  there  are  two 
limitiiig  distances,  the  lesser  1/  at  which  it  ceases  to  haye  sensible 
-magnitude  but  continues  to  be  yisible  as  a  lucid  pointy  and  the 
gprdater  J>"  at  which  it  ceases  to  be  seen  altogether ;  and  that  at 
intermediate  distances  B  it  appears  as  a  lucid  point  of  all  degrees  d 
Inrightnessy  less  than  that  which  it  has  at  the  distance  B^ 

If  this  reasoning  be  applied  to  difierent  objects^  it  is  evident  that 
the  distance  1/  fdH  yarj  with  the  real  diameter  of  the  object^  and 
"will  be  ezactlj  proportional  to  it  The  distance  j/'  for  objects 
haying  the  same  real  diameter,  will  yaij  with  their  intrixisic  lustre, 
or  the  relatiye  quantities  of  light  which  they  emit  from  their 
visible  hemispheres,  and  will  be  greater  in  the  ratio  of  the  square 
xoot  of  the  absolute  quantity  of  light  emitted. 

If  a  tdescope  be  directed  to  a  star  at  any  distance  D  greater  than 

n'^,  its  magnifying  powor  will  be  incapable,  howeyer  great  it  may 

he,  of  augmenting  the  yisual  angle  to  such  an  extent  as  to  render 

it  greater  than  it  would  be,  if  the  star  were  at  the  dirtance  i/,  at 

which  the  yisual  angle  becomes  so  small  as  to  be  inappreciable  by 

the  eye.    But  in  the  same  case,  the  power  of  the  telescope  to  in* 

crease  the  quantity  of  light  which  enters  the  pupil,  will  produce 

efiects  which  are  not  only  yery  sensible,  but  which  may  be  increased 

almost  indefinitely,  by  augmenting  the  aperture  of  the  telescope. 

In  this  way,  although  the  magnifying  power  is  altogether  ineffica* 

cious  so  far  as  relates  to  the  yisual  angle  of  the  object,  its  power, 

so  far  as  relates  to  the  increase  of  light  or  increase  of  apparent 

brightness  of  the  object,  becomes  of  the  greatest  importance.  Thus 

it  is  evident,  that  a  telescope  of  a  certain  aperture  directed  to  a 

star  of  the  sixth  magnitude,  the  light  of  which,  according  to  the 

estimate  of  Sir  J.  Herschel,  is  about  the  looth  part  of  the  light 

of  such  a  star  of  the  first  magnitude  as  a  Centauri,  would  render 

it  equal  in  apparent  brightness  to  the  latter,  and  would,  therefore, 

have  the  effect  of  bringiag  it  so  much  nearer  to  the  observer,  as 

the  distance  of  an  average  star  of  the  first  magnitude  is  less  than 

an  average  star  of  the  sixth  magnitude.    But  since  the  apparent 

brightness  decreases  as  the  square  of  the  distance  increases,  it  follows 

that  a  star  of  the  sixth  magnitude,  being  100  times  less  bight  than 

a  star  of  the  first  magnitude,  will  be  10  times  more  distant    The 

telescope,  therefore,  in  this  case,  would  have  the  effect  of  bringing 

the  star  10  times  nearer  to  the  observer. 

By  knowing  the  relation  of  the  aperture  of  the  telescope, 
whether  it  be  a  refractor  or  reflector,  to  the  magnitude  of  the  pupil, 
and  the  proportion  of  light  lost  in  being  transmitted  to  the  eye 
hj  the  lenses  or  specula  of  the  instrument,  it  is  easy  to  calculate  the 
ratio  in  which  it  will  increase  the  apparent  brightness  of  a  star, 
and  this  ratio  being  known,  it  will  be  easy  to  ascertun  how  much 
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more  distant  sach  astar  is,  than  one  which  to  the  naked  eje 
have  the  same  apparent  brightness. 

677.  Spaee-penetrmttaiffpawar. — ^The  reflecting  telescope  lued 
by  Sir  William  Herschel^  in  some  of  his  principal  stellar  xe- 
eearchee,  had  an  aperture  of  eighteen  inches,  and  twenty  feet  focal 
length  with  a  magnifying  power  of  1 80.    The  space-penetraliDg 
power  of  this  instrument  was  found  to  be  sey^ity-fiyey  the  mean- 
ing of  which  is,  that  when  directed  to  a  star  of  any  giren  faiiglitiieai^ 
it  would  augment  its  brightness  so  as  to  make  it  appear  the  same 
as  it  would  be  if  at  seyenty-fiye  times  less  distance,  or  what  is  tlie 
same,  that  a  star  which  to  the  naked  eye  would  appear  of  the 
same  brightness  as  that  star  does  when  seen  in  the  teleeoope,  ironld 
require  to  be  remoyed  to  seyenty-fiye  times  the  actual  distance,  so 
that  when  seen  through  the  telescope  it  would  haye  the  brightziesB 
it  has  when  seen  with  the  naked  eye.    Thus  a  star  of  the  sixth 
magnitude,  if  remoyed  to  seyenty-fiye  times  the  actual  distaiKy., 
would  appear  in  such  an  instrument  still  as  a  star  of  the  sixth 
magnitude  would  to  the  naked  eye,  and  if  we  assume  'with  Sir 
John  Herschel,  that  a  star  of  the  sixth  magnitude  has  a  hundred 
times  less  light  than  a  Centauri,  and  is  therefore  at  ten  times  a 
greater  distance,  it  will  follow  that  a  Centauri  would  require  to  be 
remoyed  to  seyen  hundred  and  fifty  times  its  actual  distance,  so  tiiat 
when  yiewed  through  such  a  telescope  it  would  be  seen  as  a  star  of 
the  sixth  magnitude  to  the  naked  eye. 

If,  then,  it  be  assumed,  as  it  may  fairly  be,  that  among  the  in- 
numerable stars  which  are  beyond  the  range  of  unaided  Tisiom, 
and  brought  into  yiew  by  the  telescope,  a  large  proportion  must 
haye  the  same  magnitude  and  intrinsic  brightness  as  the  ayerage 
stars  of  the  first  magnitude,  it  will  follow  that  these  must  he  at 
distances  750  times  greater  than  the  distance  of  an  ayerage  star  of 
the  first  magnitude,  such  as  a  Centauri    The  distance  of  this  star 
is  such,  that  light  would  require  3*54325  years  to  come  from  it  to 
the  earth.    It  would,  therefore,  follow  that  the  distance  of  the 
telescopic  stars  just  referred  to,  must  be  such,  that  light  would 
take  to  come  firom  them  to  the  earth  2657*4375  years.    The 
distance  of  such  stars,  taking  the  earth's  distance  fix>m  the  sun  as 
the  unit,  appears  therefore  to  be  about  one  hundred  and  seyeniy 
million  times  the  distance  of  the  sun,  and  since  that  distance  ex- 
pressed in  round  numbers  is  one  hundred  millions  of  miles,  it  will 
follow  that  the  distance  of  such  a  star  is  seyenteen  thousand 
billions  of  miles. 

We  arriye,  therefore,  at  the  somewhat  astonishing  condusioD 
that  the  distance  of  these  objects,  the  existence  of  which  the  tele- 
8cope  alone  has  disclosed  to  us,  must  be  such,  that  light,  moying  at 
the  rate  of  1 84,000  miles  per  second,  takes  upwards  of  2600  yeta 


MAGNITUDE  AND  LUSTRE  OF  THE  STARS.     393 

to  come  from  them  to  us,  and  consequently  that  the  objects  we 
now  see  are  not  those  which  now  exist,  but  those  which  did  exist 
2600  years  ago }  and  it  is  within  the  scope  of  physical  possibility 
that  Uiey  may  have  changed  their  conditions  of  existence,  and 
consequently  of  appearance,  or  eyen  haye  ceased  to  exist  altogether, 
more  than  2000  years  ago,  although  we  actually  see  them  at  this 
moment. 

This  incidentally  shows  that  the  actual  perception  of  a  visible 
object  is  no  conclusiye  evidence  of  its  present  existence.  It  is 
only  a  proof  of  its  existence  at  some  anterior  period. 

678.  Telesoopie  stara. —  It  appears,  therefore,  that  there  are 
numerous  orders  of  stars,  which  by  reason  of  their  remoteness  are 
invisible  to  the  naked  eye,  but  wluch  are  rendered  visible  by  the 
telescope ;  and  these  stars  are,  like  those  visible  to  the  naked  eye, 
of  an  infinite  variety  of  degrees  of  magnitude  and  brightness,  and 
liave  accordingly  been  classed  by  astronomers,  according  to  an 
Older  of  magnitude  in  numerical  continuation  of  that  which  has 
been  somewhat  indefinitely  or  arbitrarily  adopted  for  the  visible 
stars.  Thus,  supposing  that  the  last  order  of  stars  visible  without 
telescopic  aid  is  the  seventh,  the  first  order  disclosed  by  the  tele- 
scope will  be  the  eighth,  and  from  these  the  telescopic  stars, 
decreasing  in  magnitude,  have  been  denominated  the  ninth,  tenth, 
eleventh,  &c  to  the  sixteenth  or  seventeenth  magnitude,  the  last 
being  the  smallest  stars  which  are  capable  of  being  rendered  dis- 
tinctly visible  by  the  most  powerful  telescope. 

679.  Stellar  nomenclature. — ^Besides  tJie  classification  of  stars 
according  to  their  estimated  degrees  of  magnitude  or  brightness, 
they  are  also  designated  according  to  their  distribution  over  the 
imaginary  snr&ce  of  the  celestial  sphere.  Whether  the  apparent 
grouping  of  these  objects  depends  on  any  physical  relation  existing 
between  the  members  composiag  each  group,  or  is  the  result  of 
the  fortuitous  relation  of  the  visual  lines  directed  to  them,  the 
principal  collections  of  the  more  conspicuous  stars  thus  placed  in 
near  apparent  vicinity,  have  been  recognised  from  the  most  remote 
antiquity,  and  such  groups  have  been  commonly  denominated 

CONBTELLATIOire. 

Although  in  certain  cases,  it  is  probable  that  some  physical 
relation  may  exist  between  the  more  close  neighbours  in  these 
constellations,  it  is  certain  that  the  apparent  juxta-position  and 
relative  arrangement  of  the  component  stars  generally  is  alto- 
gether fortuitous.  Imagination,  has,  however,  connected  them 
together,  and  invested  such  constellations  with  the  forms  of  my- 
thological figures,  animals,  such  as  bears,  dogs,  lions,  goats, 
serpents,  and  so  on,  from  which  they  severally  take  their  names. 
Unreasonable  as  such  a  system  must  be  allowed  to  be,  it  is  not 
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withoot  ita  use  as  a  means  of  referenoe  and  an  artificial  aid  to  Ai 
memoiy.  That  a  better  system  of  signs  and  symbols  mi^^t  ham 
been  devised  for  these  purposes,  may  be  admitted ;  but  wiien  it  ii 
considered  that  the  names  and  forms  of  the  most  conspicuous  ccb- 
stellations  haye  had  their  origin  in  remote  antiquity  —  tliat  t^ 
were  handed  down  from  the  Chaldeans  to  the  Egyptians,  finonn  the 
Egyptians  to  the  Greeks,  and  firom  these  to  the  modems  —  tii^ 
they  are  referred  to  in  the  woi^  of  eyery  past  aslaonom^,  and 
registered  in  the  memory  of  eyeiy  living  observer  —  that  thej  are 
associated  with  the  productions  of  art,  and  supply  illustratioiia  to 
the  orator  and  the  poet  —  it  will  be  readily  admitted  thal^  ertm, 
though  a  general  change  of  the  stellar  nomenclature  and  symbols 
were  practicable,  it  would  neither  be  advantageous  nor  adviaaUe. 

As  an  example  of  a  constellation,  the  group  of  seven  conspicaooi 
stars,  arranged  nearly  in  the  form  of  a  note  <k  interrogation,  TisiUe 
in  the  northern  part  of  the  firmament,  and  in  these  latitudes  always 
above  the  horixon,  may  be  referred  to.  This  constellation  is  called 
Ursa  major  (the  Great  Bear).  The  seven  stars  are  only  the  more 
conspicuous  of  those  which  compose  the  constellation,  the  entue 
number  being  eighty-seven,  most  of  them,  however,  being  tele- 
scopic ;  of  the  seven  chief  stars  one  only  is  of  the  first  magnitods^ 
three  are  of  the  second,  and  three  of  the  third. 

The  seven  principal  stars  of  this  constellation  being  all  lees  than 
forty  degrees  from  tiie  north  pole,  will  be  always  above  the  horizon 
in  latitudes  greater  than  forty  degrees.  Hence  it  is  that  this  con- 
stellation is  so  familiarly  known.  They  may  serve  as  standards  or 
moduU  by  which  the  astronomical  amateur  may  estimate  ^e 
orders  of  magnitudes  of  the  stars  generally.  It  is  in  the  quarter 
of  the  heavens  opposite  to  that  in  which  liie  sun  is  In  the  mondi 
of  March,  and  is  therefore  visible  at  midnight  near  the  meridian 
above  the  pole  at  that  season.  In  the  month  of  September  it  is 
visible  at  midnight  below  the  pole.      * 

The  stars  which  compose  a  constellation  are  designated  usually 
by  the  letters  of  the  Greek  alphabet,  the  first  letters  being  ge- 
nerally assigned  to  the  most  conspicuous.  The  order  of  the  lettora^ 
however,  does  not  always  follow  strictly  the  order  of  magnitudes. 
When  the  stars  are  not  designated  by  letters,  they  are  distinguished 
by  numbers,  and  this  is  mostly  the  case  with  the  smaller  stars. 

It  is  usual  to  express  the  constellations  by  their  Latin  namei, 
and  to  designate  the  individual  stars  by  the  letter  or  number  and 
the  constellation,  as  a  Li/r€B,  fi  Ursa  mqforis,  6 1  Opkkichi,  24 
Conusy  See 

In  the  cases  of  some  of  the  more  conspicuous  stars,  such  as  have 
been  objects  of  observation  in  remote  ages,  they  are  also  f^nently 
distinguished  by  proper  names.    Thus^  a  Ctmii  nu^orii  is  mors 
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coznmonlj  called  SiritUj  and  sometimes  the  Dog-star,  and  is  kno'^-n 
as  the  most  resplendent  of  the  fixed  stars.  In  like  manner^  a  Piscis 
AustroHs  is  always  called  F<mMlh€ndy  a  and  fi  Oemmorum  are  called 
Oastor  and  PoUux,  $  Ononis  is  known  as  Bigd,  a  Tauri  as  Aide- 
bar€m,  a  Virgmis  as  Spica,  a  Boiitis  as  Arcturus,  and  so  on. 

The  practical  usefulness  of  the  imaginaij  figures  which  giye 
names  to  the  constellations,  will  thus  he  understood.  If  we  desire 
to  express  the  position  of  the  star  ^  TJrses  mqforis,  for  example^  we 
saj  that  it  is  at  ike  tip  of  the  tail  of  the  Gbeat  Bear.  We  indicate, 
in  like  manner^  the  place  of  the  three  remarkable  stars,  8,  c,  and  {* 
Orionis,  by  saying  that  they  form  the  belt  of  Orion,  and  another, 
Rigel,  by  saying  that  it  is  on  his  foot  The  star  Sirius  is  on  the 
noee  of  Canis  major,  and  the  bright  star  /3  on  his  left  fore-foot 

680.  Vse  of  pointers* — Those  who  desire  to  obtain  an  ac- 
quaintance with  the  stars,  will  find  much  adyantage  in  practising 
the  method  of  pointers,  by  which  the  position  of  coi»picuouB 
stars  with  which  the  observer  is  well  acquainted,  is  used  to 
ascertain  the  places  of  others  which  are  less  Imown  and  less  easily 
identified,  lliis  method  consists  in  assigning  two  conspicuous  stars 
80  placed,  that  a  straight  line  imagined  to  be  drawn  between  them, 
and  continued  if  necessary  in  the  same  direction,  will  pass  through 
or  near  the  star  whose  position  it  ia  desired  to  ascertain. 

The  most  useful  example  of  the  application  of  this  method,  is  the 
case  of  the  pole  star,  which  is  a  Urs€B  minoris,  a  star  of  the  third 
magnitude.  Let  the  observer  direct  his  eye  to  the  two  conspicuous 
stars,  a  and  $  Ursts  mqjoris,  and  supposing  a  straight  Hne  drawn 
from  3  to  a,  let  him  carry  his  eye  along  that  line  heyond  a  to  a  dis- 
tance about  six  times  the  space  between  a  and  ^^he  will  amveat  the 
pole  star. 

681.  Vae  of  star  maps. — To  comprehend  the  preceding  para- 
graphs, and  profit  by  the  instructions  given  in  them,  it  will  be  neces- 
sary for  the  reader  to  have  in  his  hands  a  set  of  star  maps.  The 
Guide  to  thb  Stabs  *  will  be  found  to  be  one  of  the  most  convenient 
works  for  this  purpose.    In  the  maps  there  given,  will  be  found  in- 

\  dications  of  the  most  useful  applications  of  tiie  method  of  pointing. 

682.  Vae  of  tlie  oeleatlal  globe. — A  celestial  globe  may  be 
defined  to  be  a  working  model  of  the  heavens.  It  is  mounted  like 
a  common  terrestrial  globe.  The  visible  hemisphere  is  bounded  by 
the  horizontal  circle  in  which  the  globe  rests.  The  brass  circle  at 
right  angles  to  this,  is  the  celestial  meridian.  The  constellations, 
with  outlines  of  the  imaginary  figures  from  which  they  take  their 
names,  are  delineated  upon  it 

*  Twelve  PlaniB^heres,  forming  a  Gnide  to  the  Stan  for  every  Kight  is 
tlie  Tear  with  an  InlrodnctioiL—  Walion  and  Maberfyt  Lonthn, 

J>  D 
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The  globe  will  serve,  not  merelj  as  an  instrament  of  inatractiflL 
but  will  prove  a  readj  and  convenient  aid  to  the  amateur  in  aibs- 
nomv,  superseding  the  necessity  of  many  calculations,  vrhidi  tn 
often  discouraging  and  repulsive,  however  simple  and  ec^j  tliej  mv  i 
be  to  those  who  are  accuatomed  to  such  inquiries.  Moat  of  tiie  aloi- 1 
naes  contain  tables  of  the  piincipal  astronomical  phenomeaay  of  Ik  I 
places  of  the  sun  and  moon,  and  of  the  principal  planets,  as  wdlv  I 
the  times  when  the  most  conspicuous  stars  are  on  the  meridian  afts  I 
sunset  These  data,  together  with  a  judicious  use  of  the  globe  aad  I 
a  tolerable  telescope,  will  enable  any  person  to  ext^id  liis  acquaint-  * 
ance  with  astronomy,  and  even  to  become  a  useful  contributor  to  ^ 
common  stock  of  information,  which  is  now  so  fut  increasing  by  tk 
zeal  and  ability  of  private  diMervers  in  so  many  quarters  of  ihe  ^obe. 

To  prepare  the  globe  for  use,  let  small  miaiks  (bits  of  psper 
gummed  on  will  answer  the  purpose)  be  placed  upon  it,  to  indiosfte 
the  positions  of  the  sun,  moon^  and  planel^  at  the  time  of  obeeniog 
the  heavens.  The  place  of  the  sun  on  the  ecliptic  is  usuallj  maiM 
on  the  globe  itself  If  not,  its  right  ascension  (that  ia,  its  distance 
from  the  vernal  equinoxial  point,  measured  on  the  celestial  equator), 
and  its  declination  (that  is,  its  distance  north  or  south  of  tiie 
equator),  are  given  in  the  almanac,  for  every  day.  The  moon's 
light  ascension  and  declination  are  likewise  given. 

683.  To  find  tlie  plaee  of  an  oliject  «■  tlie  clobe  wliaa  tts 
ilirbt  aacenaloB  and  daelinatloii  are  ^Eomwn* — Find  the  point 
on  the  equator  where  the  given  right  ascension  is  marked.  Tun 
the  globe  on  its  axis  till  this  point  be  brought  under  the  meridian. 
Then  count  off  an  arc  of  the  meridian  (north  or  south  of  the 
equator,  according  as  the  declination  is  given)  of  a  lengtii 
equal  to  the  given  declination,  and  the  point  of  the  globe  im- 
mediately under  the  point  of  the  meridian  thus  found,  will  be 
the  place  of  the  object.  By  this  rule,  the  position  on  the  globe 
of  any  object  of  which  the  rig^t  ascension  and  declination  are 
known,  may  be  inmiediately  found,  and  a  corresponding  mark  put 
upon  it. 

To  adjust  the  globe  so  as  to  use  it  as  a  guide  to  the  positioD 
of  objects  on  the  heavens,  and  as  a  means  of  identifying  the 
stars  and  learning  their  names,  let  the  lower  clamping-screw  of 
the  meridiau  be  loosened,  and  let  the  north  pole  of  the  globe  be 
elevated  by  moving  the  brass  meridian  imtil  the  arc  of  this 
meridian  between  the  pole  and  the  horizon  be  equal  to  the 
latitude  of  the  place  of  observation.  Let  the  clamping-screw 
be  then  tightened,  so  as  to  maintain  the  meridian  in  this  posi- 
tion. Let  the  globe  be  then  so  placed  that  the  brass  meridian 
shall  be  directed  due  north  and  .south,  the  pole  being  turned  to  the 
north.    This  being  done,  the  globe  will  correspond  with  the  heavens 
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so  fmr  B»  relates  to  the  poles^  the  meridian,  and  the  points  of  the 
Horizon. 

To  «aoertain  the  aspect  of  the  firmament  at  any  hour  of  the 

nig^ht,  it  is  now  onlj  neoeseaiy  to  turn  the  globe  upon  its  axis  until 

the  mark  indicating  the  placeof  the  sun  shall  be  under  the  horizon  in 

tlie  same  position  as  the  sun  itself  actually  is  at  the  hour  in  question. 

Xo  effect  this,  let  the  globe  be  turned  until  the  mark  indicating 

tlie  position  <^  the  sun  is  brought  under  the  meridian.    Observe 

tlie  hour  marked  on  the  point  of  the  equator  which  is  then  under 

the  meridian.    Add  to  this  hour  the  hour  at  which  the  observation 

is  about  to  be  taken,  and  turn  the  globe  until  the  point  of  the 

equator  on  which  is  marked  the  hour  resulting  from  this  addition 

is  brought  under  the  meridian.    The  position  of  the  globe  will 

tlien  correspond  with  that  of  the  firmament    Every  object  on  the 

one  will  correspond  in  its  position  with  its  representative  mark  or 

03rmbol  on  the  other.    If  we  imagine  a  line  diawn  from  the  centre 

of  the  globe  through  the  mark  upon  its  surface  indicating  any  star, 

such  a  line,  if  continued  outside  the  surfoce  toward  the  heavens, 

would  be  directed  to  the  star  itselfl 

For  example,  suppose  that  when  the  mark  of  the  sun  is  brought 
nnder  the  meridian,  the  hour  5^  40",  is  found  to  be  on  the  equator 
at  the  meridian,  and  it  is  required  to  find  the  aspect  of  the  heavens 
at  half-past  ten  o'clock  in  the  evening. 

To 

Add       - 

16        10 

Let  the  globe  be  turned  until  16^  10"  is  brought  under  the  meri- 
dian, and  the  aspect  given  by  it  will  be  that  of  the  heavens. 


H. 

M. 

5 

40 

10 

30 

CHAPTER  XX. 


PERlOMOi  TBMPOBART,  ASTD  MULTIPLB  STABS.  —  PROPBB  MOTIOK  OF  STABS. 
—  MOTIOM  OF  THB  SOLAR  SYSTEM. 

684.  Teleaeeirte  obsarratloiia  on  Individual  stara.  —  Be- 
sides bringing  within  the  range  of  observation  objects  placed  be- 
yond the  sphere  which  limits  the  play  of  natural  vision,  the 
telescope  has  greatly  multiplied  the  number  of  objects  visible 
within  tiiat  sphere,  by  enabling  us  to  see  many  rendered  invisible 
by  their  minuteness,  or  confounded  with  others  by  their  apparent 
proximity.  Among  the  stars  also  which  are  visible  to  the  naked 
eye,  there  are  many,  respecting  which  the  telescope  .has  disclosed 
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circumstances  of  the  Highest  physical  interest,  by  which  thej  hxn 
become  more  closely  allied  to  our  system,  and  by  which  it  u 
demonstrated  that  the  same  material  laws  which  coerce  the  jlaas^ 
and  gire  stability,  uniformity,  and  harmony  to  their  motioiiSy  an 
also  in  operation  in  the  most  remote  regions  of  the  miiTerae.  We 
shall  first  notice  some  of  the  most  remarkable  discoTeries  reepectani; 
indiyidual  stars,  and  shall  afterwards  explain  those  which  indicsEte 
the  arrangement,  dimensions,  and  form  of  the  ooUectiTe  jnmm  d 
stars  which  ccnnpoee  the  yisible  firmament,  and  the  results  of  those 
researches  which  the  telescope  has  enabled  astronomers  to  make 
in  regions  of  space  still  more  remote. 

L  PSBIODIG  6TAB8. 

685.  Stan  ofTsrlable  lustre. — The  stars  in  general,  as  ^tj 
are  stationary  in  their  apparent  positions,  are  equally  inyaxiable  in 
their  apparent  magnitudes  and  bri^tnees.  To  this,  howeTer, 
there  are  seyeral  remarkable  exceptions.  Stars  have  been  ob- 
served, sufficiently  numerous  to  be  regarded  as  a  distinct  dass, 
which  exhibit  periodical  changes  of  appearance.  Some  undeigD 
gradual  and  alternate  increase  and  diminution  of  magnitade, 
vaiying  between  determinate  limits,  and  presenting  these  variatioos 
in  equal  intervals  of  time.  Some  are  observed  to  attain  a  certain 
maximum  magnitude,  from  which  they  gradually  and  regolaily 
decline  until  they  altogether  disappear.  After  remaining  for  a 
certain  time  inviidble,  they  reappear  and  gradually  increase  fall 
they  attain  their  mftTimnnri  splendour,  and  this  succession  of 
changes  is  regularly  and  periodically  repeated.  Such  objects  are 
called  periodic  itars. 

686.  Xsmarkabla  stars  of  tuis  class  In  tlis  consteltettoiis 
of  Oetus  and  Varseas.  —  The  most  remarkable  of  this  class  is 
the  star  called  OnUkron,  in  the  neck  of  the  Whale,  which  was  first 
observed  by  David  Fabricius,  on  the  1 3th  of  Aug;ust,  1 596.  This 
star  retains  its  greatest  brightness  for  about  fourteen  days,  being 
then  equal  to  a  large  star  of  the  second  magnitude.  It  then 
decreases  continually  for  three  months  until  it  becomes  invisible. 
It  remains  invisible  for  five  months,  when  it  reappears,  and 
increases  gradually  for  three  months  until  it  recovers  its  maximum 
splendour.  This  is  the  general  succession  of  its  phases.  Its 
entire  period  is  about  331  days.  This  period  is  not  always  the 
same,  and  the  gradations  of  brightness  through  virhich  it  passes  are 
said  to  be  subject  to  variation.  Hevelius  states  that,  in  the  in- 
terval between  1672  and  1676,  it  did  not  appear  at  all. 

Some  recent  observations  and  researches  of  M.  Argelander, 
render  it  probable  that  the  period  of  this  star  is  subject  to  a  varia- 
tion which  is  itself  periodical,  the  period  being  idtematelj  ang^ 
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mented  and  diminished  to  the  extent  of  25  days.    The  variations 
of  the  maximum  lostre  are  also  probably  periodical 

The  star  called  AJgolj  in  the  head  of  Medusa,  in  the  constellation 
o£  PerMeuSf  ailbrds  a  striking  example  of  the  rapidity  with  which 
these    periodical  changes  sometimes  succeed  each  other.    This 
star  generally  appears  as  one  of  the  second  magnitude ;  but  an 
interral  of  seven  hours  occurs  at  the  expiration  of  eveiy  sixty-two^ 
during  the  first  three  hours  and  a  half  of  which  it  gradually 
diminishes  in  brightness  till  it  is  reduced  to  a  star  of  the  fourth 
magnitude,  and  during  the  remainder  of  the  interval  it  again 
gpradually  increases  until  it  recovers  its  original  magnitude.    Thus, 
if  we  suppose  it  to  have  attained  its  maximum  splendour  at  mid- 
night on  the  first  day  of  the  month,  its  changes  would  be  as 
follows :  — 

D.       ■.      M.  D.      B.      M. 

o    o    o  to  2  14    o  It  appears  of  second  magnitude. 
214    oto2i7  24lt  decreases  gradually  to  fourth  magnitude. 
2  1 7  24  to  2  20  48  It  increases  gradually  to  second  magnitude. 
2  20  48  to  5  10  48  It  appears  of  second  magnitude. 
5  10  48  to5  14  12  It  decreases  to  fourth  magnitude. 
5  14  12  to  5  17  36  It  increases  to  second  magnitude. 
&c.  i&C.  &c 

This  star  presents  an  interesting  example  of  its  class,  as  it  is 
constantly  visible,  and  its  period  is  so  short  that  its  succession  of 
phases  may  be  frequently  and  conveniently  observed.  It  is  situate 
near  the  foot  of  the  constellation  Andromeda^  and  lies  a  few  degrees 
north-east  of  three  stars  of  the  fourth  magnitude  which  form  a 
triangle. 

Goodricke,  who  discovered  the  periodic  phenomena  of  Algol  in 
1782,  explained  these  appearances  by  the  supposition  that  some 
opaque  body  revolves  rocmd  it,  being  thus  periodically  interposed 
between  the  earth  and  the  star^  so  as  to  intercept  a  large  portion 
of  its  light 

The  more  recent  observations  on  this  star  indicate  a  decrease  of 
its  period,  which  proceeds  with  accelerated  rapidity.  Sir  J.  Her- 
schel  thinks  that  this  decrease  will  attain  a  limit,  and  will  be 
Mowed  by  an  increase,  so  that  the  variation  of  the  period  will 
prove  itself  to  be  periodic 

The  itars  Z  in  Cepheus  and  $  in  Lyra  are  remarkable  for  the 
regular  periodicity  of  their  lustre.  The  former  passes  from  its 
least  to  its  greatest  lustre  in  thirty-eight  hours,  and  from  its  great- 
est to  its  least  in  ninety-one  hours.  The  changes  of  lustre  of  the 
lattsr,  tccording  to  the  recent  observations  of  M.  Argelander,  are 
very  eomplioated  and  curious.    Its  entire  period  is  1 2  days  2 1  hrs. 
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53  min.  lo  sec,  and  in  that  time  it  fint  increases  in  lustre,  tka 
decreases,  then  increases  again,  and  then  decreases,  so  that  it  h» 
two  maxima  and  two  minima.  At  the  two  maTima  its  Instie  ii 
that  of  a  star  of 'the  3*4  magnitude,  and  at  one  of  the  ywwiTwiA  ja 
lustre  is  that  of  a  star  of  the  4*3,  and  at  the  other  that  of  a  atar  of 
the  4*5  magnitude. 

In  this  case  also  the  period  of  the  staris  found  to  be  periodicaDj 
yariable. 

687.  TaUe  of  tiM  periodle  atara.  —  Upwards  of  a  Itnndred 
stars  have  been  disooyered  to  be  periodicsJly  yariable:  in  Ae 
following  table  will  be  found  a  list  of  those,  whose  limits  ci 
yariability  haye  been  determined  with  s(»ne  degree  of  aocuzacr. 
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The  mazimam  and  Tniniimim  extremes  of  lustre^  with  the  periods 

"wlien  known,  are  given  in  the  preceding  table,  the  stars  being 

^Lvranged  in  the  order  of  right  ascension.    The  numbers  are  prin- 

<33.pallj  extracted  from  the  lists  of  variable  stars  by  Mr.  Pogson.  — 

i^See  Appendix,  815.) 

In  the  case  of  many  of  these  stars,  the  variations  of  lustre  are 
sm:ibject  to  considerable  irregularities^    Thus  x  Oygni  was  scarcely 
^v^iaible  from  1698  for  the  interval  of  three  years,  even  at  the  epochs 
^virhen  it  ought  to  have  had  its  greatest  lustre.    The  extremes  of 
\vL8tre  of  B  Scuti  are  also  very  variable  and  irregular.    In  general 
t>kke  variations  of  B  Coronas  are  so  inconnderable  as  to  be  scarcely 
^>cfceivable,  but  they  become  sometimes  suddenly  so  great  that  the 
flttar  wholly  disappears.    The  variations  of  «  Orionb  were  very  con- 
spicuous from  1 836  to  i840y  and  again  in  1 849,  bemg  much  less 
so  in  the  intermediate  time. 

688.  SjpotlMsee  propoaed  to  e«pl>lii  tbasa  plieiioiiieBa^ — 
Several  explapations  have  been  proposed  for  these  appearances. 

1 .  Sir  W.  Herschel  considered  that  the  supposition  of  the  ex- 
istence of  spots  on  the  stars  similar  to  the  spots  on  the  sun, 
combined  with  the  rotation  of  the  stars  i:qpon  axes,  similar  to  the 
Totation  of  the  sun  and  planets^  aflbrded  so  obvious  and  satisfactory 
an  explanation  of  the  phenomena,  that  no  other  need  be  sought 

2.  Newton  conjectmred  that  the  variation  of  brightness  might  be 
prodnced  by  oomeis  falling  into  distant  suns  and  causing  temporary 
oonflagrations.  Waiving  aziy  other  objection  to  this  conjecture,  it 
is  put  aside  by  its  insufficiency  to  explain  the  periodicity  of  the 
phenomena. 

3.  Maupertius  has  suggested  thai  some  stars  may  have  the  form 
of  thin  flat  disks,  acquiied  either  by^xtremely  rapid  rotation  on  an 

'  axis,  or  other  physical  cause.    The  ring  of  Saturn  affords  an  ex- 

am|le  of  this,  within  the  limits  of  our  own  sysUnn,  and  the  modem 
discoveries  in  nebular  astronomy  ofier  other  examples  of  a  like 
form.  The  axis  of  rotation  of  such  a  body  might  be  subject  to 
periodical  change  like  the  nutation  of  the  earth's  axis,  so  that  the 
flat  side  of  the  luminous  disk  might  be  present  more  or  less  to- 
wards the  earth  at  different  times,  and  when  the  edge  is  so  pre- 
sented it  mig^t  be  too  thin  to  be  visible.  Such  a  succession  of 
phenomena  is  actually  exhibited  in  the  case  of  the  rings  of 
Saturn,  though  proceeding  from  different  causes. 

4.  Mr.  Dunn  *  has  conjectured  that  a  dense  atmosphere  sur- 
rounding the  stars,  in  different  parts  more  or  less  pervious  to  li^t, 
may  explain  the  phencmiena.  This  conjecture,  otherwise  vague, 
indefinite,  and  improbable,  totally  fails  to  explain  the  periodicity  of 
the  phenomena, 

•  Fkihm/pkwal  TroHBtuikmi,  vol  lit 
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5.  It  has  been  suggested  that  the  periodical  obecoivtioii  or  total 
disappearance  of  the  star  may  arise  from  inmsiU  of  the  star  hj  m 
attendant  phmets.  The  transits  of  Venus  and  Mercury  are  the  hmas 
of  this  conjecture. 

The  transits  of  none  of  the  planets  of  the  solar  syst^n^  seen  fraa 
the  stars,  could  render  the  sun  a  periodic  star;  The  magDttodea, 
even  of  ^e  largest  of  them;  are  altogether  insufficient  for  such  an 
etfect  To  this  objection  it  has  been  answered,  that  planets  of  vasdy 
great  comparative  magnitude  may  rcTolye  round  other  suns.  Bot 
if  the  magnitude  of  a  planet  were  sufficient  to  produce  hy  its  trmzuit 
these  considerable  obscurations,  it  must  be  very  little  inferior  to  ii» 
magnitude  of  the  sun  itself,  or  at  all  eyents  it  must  bear  a 
considerable  proportion  to  the  magnitude  of  the  sun ;  in -which  < 
it  may  be  objected  that  the  predominance  of  attraction  ne 
to  maintain  the  sun  in  the  centre  of  its  system  could  not  he 
secured.  To  this  objection  it  is  ailswered,  that  although  the  planet 
may  have  a  great  comparative  magnitude,  it  may  have  a  very  aoiaU 
comparative  density,  and  the  gravitating  attraction  depending  00 
the  actual  mass  of  matter,  the  predominance  of  the  solar  mass  mi^ 
be  rendered  consistent  with  the  great  relative  magnitude  of  the 
planet  by  supposing  the  density  of  the  one  vastly  greater  than  that 
of  the  other.  The  density  of  the  sun  is  much  greater  than  the  den- 
sity of  Saturn. 

6.  It  has  been  suggested  that  there  nuiy  be  systems  in  which  the 
central  body  is  a  planet  attended  by  a  lesser  sun  revolving  round  it 
as  the  moon  revolves  round  the  earth,  and  in  that  case  the  periodical 
obscuration  of  the  sun  maybe  produced  by  its  passage  once  in  each 
revolution  behind  the  central  planet. 

Such  are  the  various  conjectures  which  have  been  proposed  to 
explain  the  periodic  stars ;  and  as  they  are  merely  conjectures, 
scarcely  deserving  the  name  of  hypotheses  or  theories^  we  shall  leave 
them  to  be  taken  for  what  they  are  worth. 

n.  TEMPOBART  STABS. 

Phenomena  in  most  respects  nmilar  to  those  just  described,  but 
exhibiting  no  recurrence,  repetition,  or  periodicity,  have  been  ob- 
served in  many  stars.  Thus,  stars  have  from  time  to  time  appeared 
in  various  parts  of  the  finnament,  have  shone  with  extraordinary 
splendour  for  a  limited  time,  and  have  then  disappeared  and  have 
never  again  been  observed. 

689.  Temporary  afra  — n  tn  ancteat  tim— . — The  first  star 
of  this  class  which  has  been  recorded,  is  one  observed  by  JE[^ifp€nThm, 
1 25  B.C.,  the  disappearance  of  which  is  said  to  have  led  that  as- 
tronomer to  make  his  celebrated  catalogue  of  the  fixed  stars;  a  work 
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wliich  has  proved  in  modem  times  of  great  value  and  interest.  In 
bbe  389th  year  of  our  era,  a  star  blazed  forth  near  a  AqmUc,  which 
shone  for  three  weeks^  appearim?  as  splendid  as  the  planet  Venus, 
after  which  it  disappeared  and  has  never  since  been  seen.  In  the 
years  94^,  1264,  and  1572,  brilliant  stars  appeared  between  the 
constellations  of  Cepheua  and  Castiopeia,  The  accounts  of  the  posi- 
tions of  these  objects  are  obscure  and  uncertain^  but  the  intervals 
between  the  epochs  of  their  appearances  being  nearly  equal,  it  has 
been  conjectured  that  they  were  successive  returns  of  the  same 
periodic  star,  the  period  of  which  is  about  300  years,  or  possibly 
half  that  interval. 

The  appearance  of  the  star  of  1572  was  very  remarkable,  and 
having  been  witnessed  by  the  most  eminent  astronomers  of  that  day, 
the  account  of  it  may  be  considered  to  be  well  entitled  to  confidence. 
Tycho  Brahey  happening  to  be  on  his  return  on  the  evening  of  the 
1 1  th  of  November  from  his  laboratory  to  his  dwelling-house,  found 
a  crowd  of  peasants  gazing  at  a  star  which  he  was  sure  did  not  exist 
half  an  hour  before.  This  was  the  temporary  star  of  1 572,  which 
was  then  as  bright  as  SIrius,  and  continued  to  increase  in  splendour 
until  it  surpassed  Jupiter  when  that  planet  is  most  brilliant,  and 
finally  it  attained  silch  a  lustre  that  it  was  visible  at  mid-day.  It 
began  to  diminish  in  December,  and  altogether  disappeared  in  March, 

«574- 

On  the  loth  of  October,  1604,  a  splendid  star  suddenly  burst 
out  in  the  constellation  of  Serpiatianus,  which  was  as  bright  as 
that  of  1572.  It  continued  visible  till  October,  1605,*  when  it 
vanished. 

690.  TemponuT  star  observed  by  Mr.  Bind. — A  star  of  the 
fifth  magnitude,  easily  visible  to  the  naked  eye,  was  seen  by  Mr. 
Hind  in  the  constellation  of  Ophiuchus,  on  the  night  of  the  28th 
of  April,  1 848.  From  the  perfect  acquaintance  of  that  observer 
with  the  region  of  the  firmament  in  which  he  saw  it,  he  was  quite 
certain  that,  previous  to  the  5th  of  April;  no  star  brighter  than  those 
of  the  ninth  magnitude  had  been  there,  nor  is  there  any  star  in  the 
catalogues  at  all  corresponding  to  that  which  he  saw  there  on  the 
28th.  This  star  continued  to  be  observed  at  th  e  Royal  Observatory, 
Greenwich,  until  the  year  1851.  On  the  17th  of  June,  its  mag- 
nitude was  estimated  about  the  fourteenth,  being  too  faint  for  the 
usual  meridional  observation.  Since  this  time  it  does  not  appear 
to  have  been  again  observed. 

691.  Mtsstng  stars. — To  the  class  of  temporaiy  stars  may  be 
referred  the  cases  of  numerous  stars  which  have  disappeared  from 
the  firmament.  On  a  careful  examination  of  the  heavens,  and  a 
comparison  of  the  objects  observed  with  former  catalogues,  and  of 
cstalogoes  ancient  and  modem  with  each  other,  many  stars  for- 


404  ASTRONOMY. 

meriy  known  are  now  asoertained  to  be  nuBsing ;  and  although,  as 
Sir  John  Henchel  oba^res,  there  ia  no  doubt  that  in  manj  ia- 
stancee  theae  apparent  loaaee  have  proceeded  from  mistaken  eatoBB^ 
yet  it  is  eqnallj  certain  thai  in  nnmevoua  eaaea  there  can  hawe 
been  no  mistake  in  the  observation  or  the  entry,  and  that  the  8t«r 
has  really  existed  at  a  former  epoch,  and  aa  certainly  has  since 
disappeared. 

When  we  consider  the  rast  length  of  many  of  the  periods  o£ 
astronomical  phenomena,  it  is  ftr  from  being  improbable  that  thaaa 
phenomena  which  seem  to  be  occasional,  accidental,  and  springing 
from  the  operation  of  no  regular  physical  causes,  such  as  tiiose  in- 
dicated by  the  class  of  Tariable  stars  first  considered,  may  alter 
all  be  periodic  stars  of  the  same  kind,  whose  appearancea  and  dis- 
appearances are  brought  about  by  similar  causes.  All  tiiat  can  Ve 
certainly  known  respecting  them  is,  that  they  have  appeared  or 
disappeared  once  in  that  brief  period  of  time  within  ^^di  astro- 
nomical observations  have  been  made  and  recorded.  If  they  be 
periodic  stars,  the  length  of  whose  period  exceeds  that  intorvaJ, 
their  changes  could  only  have  been  once  exhiMted  to  ua,  and  alter 
ages  have  rolled  away,  and  time  has  converted  the  future  into  the 
past,  astronomers  may  witness  the  next  occurrence  of  their  phaaeai, 
and  discover  that  to  be  regular,  harmonious,  and  periodic,  which 
appears  to  us  accidental,  oocaaional,  and  anomalous. 

in.  DOTTBLB  9IAB& 

When  the  stars  are  examined  individually  by  telescopes  of  a 
certain  power,  it  is  found  that  many  which  to  the  naked  eye 
appear  to  be  single  stars  are  in  reality  two  stars  placed  so  dose  to- 
g^er  that  they  appear  as  one.    These  are  called  double  Man. 

692.  m— — rehas  of  Sir  HT.  ana  Sir  J,  XerssiMi. — A  veiy 
limited  number  of  these  objects  had  been  discovered  before  the 
telescope  had  received  the  vast  accession  of  power  which  was  given 
to  it  by  the  labour  and  g^us  of  Sir  William  HerscheL  That 
astronomer  observed  and  catalogued  500  double  stars;  and  subse- 
quent observers,  among  whom  his  son,  Sir  John  Herschel,  holds 
the  foremost  place,  have  augmented  the  number  to  6000. 

693.  Stars  opttoany  denble.  —  The  close  apparoit  juxta- 
position of  two  stars  on  the  firmament  is  a  phenomenon  which 
might  be  easily  explained,  and  which  could  create  no  suipriae. 
Such  an  appearance  would  be  produced  by  the  accidental  circum- 
stance of  the  lines  of  direction  of  .the  two  stars  as  seen  from  tbe 
earth,  forming  a  very  small  angle,  in  which  case,  although  the  two 
stars  might  in  reality  be  as  &r  removed  from  each  other  as  any 
stars  in  the  heavens,  they  would  nevertheless  appear  dose  together. 
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iiBjSff*  98,  will  render  this  easily  understood.  I^t  a  and  b  be  the 
mo  stars  seen  from  c.  The  star  a  will  be  seen  relatively  to  6,  as 
r  it  "wars  at  d,  and  the  two  objects  will  seem  to  be  in  close  juxta- 


Fig  98. 


porition ;  and  if  the  angle  under  the  lines  c  a  and  c  6  be  less  than 
the  sum  of  the  apparent  semidiameters  of  the  stars,  they  would 
actually  appear  to  touch. 

694.  TlUs  snppsstttoa  not  ffsaeralljr  admiasible. — If  such 
objects  were  few  in.  number^  this  mode  of  explaining  them  might 
be  admitted ;  and  such  may,  in  feet,  be  the  cause  of  the  pheno- 
menon in  some  instances.    The  chances  against  such  proximity  of 
the  lines  of  direction  are  however  so  great  as  to  be  utterly  incom- 
patible with  the  vast  number  of  double  stars  that  have  been  dis- 
covered, even  were  there  not,  as  there  is,  other  conclusive  proof 
that  this  proximity  and  companionship  is  neither  accidental  nor 
merely  apparent,  but  that  the  connection  is  real,  and  that  the  ob- 
jects are  united  by  a  physical  bond  analogous  to  that  which 
attaches  the  planets  to  the  sun. 

•  But  apart  from  the  proofs  of  real  proximity  which  exist  respect- 
ing many  of  the  double  stars,  and  which  will  presently  be  explained, 
it  has  been  shown  that  the  probability  against  mere  optical  juxta- 
position such  as  that  described  above  is  almost  infinite.  Professor 
8tnive  has  shown  that,  taking  the  number  of  stars  whose  existence 
has  been  ascertained  by  observation  down  to  the  7th  magnitude 
inclusive,  and  supposing  them  to  be  scattered  fortuitoudy  over  the 
entire  firmament,  the  chances  against  any  two  of  them  having  a 
position  so  close  to  each  other  as  4'^  would  be  9570  to  1.  But 
when  this  calculation  was  made,  considerably  more  than  100  cases 
of  such  duple  juxtaposition  were  ascertained  to  exist.  The  same 
astronomer  also  calculated  that  the  chances  against  a  third  star 
falling  within  32'^  of  the  first  two  would  be  173,524  to  one; 
yet  the  firmament  presents  at  least  four  such  triple  combinations. 

Among  the  most  striking  examples  of  double,  stars  may  be 
mentioned  the  bright  star  Castor,  which,  when  sufiSciently  magni- 
fied, is  proved  to  consist  of  two  stars  between  the  third  and  fourth 
magnitudes,  within  five  seconds  of  each  other.  There  are  many, 
however,  which  are  separated  by  intervals  less  than  one  second ; 
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such  as  c  Aridiif  Atla$  Pleiadum,  y  CoroiuB,  ly  and  f  HerctdiSj 
r  and  X  OphiucM. 

695.  Arfmnent  against  mere  optleal  double  stars  < 
from  tifteir  proper  motton. — Another  aigument  against  the  sop- 
position  of  mere  fortmtous  optical  juxtaposition,  unattended  bjr 
anj  physical  connection,  is  derived  &om  a  circumstance  which  will 
be  fullj  explained  hereafter.  Certain  stars  have  been  ascertained 
to  hare  a  proper  motion,  that  is,  a  motion  exclusively  belonging 
to  each  individual  star,  in  which  the  stars  around  it  do  not  parti- 
cipate. Now,  some  of  the  double  stars  have  such  a  motion.  If 
one  individual  of  the  pair  were  affected  by  a  proper  motion,  in 
which  the  other  does  not  participate,  their  separation  at  some 
subsequent  epoch  would  become  inevitable,  since  one  would  neces- 
sarily move  away  from  the  other.  Now,  no  such  separation  has 
in  any  instance  been  witnessed.  It  follows,  therefore,  that  the 
proper  motion  of  one  equally  affects  the  other,  and  conaequentlT, 
that  their  juxtaposition  is  real  and  not  merely  opticaL 

696.  StruTo's  olassifleatlon  of  double  stars.  —  The  sys- 
tematic observation  of  double  stars,  and  their  reduction  to  a  cata- 
logue with  individual  descriptions,  commenced  by  Sir  W.  Hersche!, 
has  been  continued  with  great  activity  and  success  by  Sir  J. 
Herschel,  Sir  J.  South,  and  Professor  Strove,  so  that  the  number 
of  these  objects  now  known,  as  to  character  and  position,  amounts 
to  several  thousand,  the  individuals  of  each  pair  being  leas  tiian 
32"  asunder.  They  have  been  classed  by  I^feesor  Strure  ac- 
cording to  their  distances  asunder,  the  first  class  being  separated 
by  a  distance  not  exceeding  i'%  the  second  between  V  and  2", 
the  third  between  2^'  and  4'',  the  fourth  between  4''  and  8'',  ihe 
fifth  between  8''  and  12'',  the  sixth  between  12''  and  16",  the 
seventh  between  16''  and  24^',  and  the  eighth  between  24^^ 
and  32". 

697.  Seleetion  of  double  stars. —  The  double  stars  in  the  fol- 
lowing Table  have  been  selected  by  Sir  J.  Herschel  from  Stnive*s 
catalogue,  as  remarkable  examples  of  each  class  well  adapted  for 
observations  by  amateurs,  who  may  be  disposed  to  try  by  ^em 
the  efficiency  of  telescopes.    (See  next  page,) 

698.  Coloured  double  stars. — One  of  tiie  characters  observed 
among  the  double  stars  is  the  frequent  occurrence  of  stars  of 
different  colours  found  together.  Sometimes  these  colours  are 
complementary  (0.  185);  and  when  this  occun,  it  is  possible 
that  the  fainter  of  the  two  may  be  a  white  star,  which  appears  to 
have  the  colour  complementary  to  that  of  the  more  brilliant,  in 
consequence  of  a  well-understood  law  of  vision,  by  which  the 
retina  being  highly  excited  by  light  of  a  particular  colour  is  ren- 
dered insensible  to  less  intense  light  of  the  same  colour,  so  that 


DOUBLE  STARS. 


407 


a 


J  5    -•    -S     .    i 

i  n  iflll 


s 

03 


11 


1 


S 


I  I  I  I  -a  I  I   i  1 


is 


iitililil 


-  I  i   .  "^ 
i  M  1  i  I  t  I  1  I 

4.  »■# 


«     ««     «v^    « 


5l-S>l|||l 


liiflllljllliiliiii 


M  «  <   ^  «  ti.  $ 


4o8 


ASTRONOMY. 


the  complement  of  the  whole  light  of  the  fainter  star  finds  &e 
retina  more  sensible  than  that  part  which  is  identical  in  ookMir 
with  the  brighter  star^  and  the  impression  of  the  complementair 
colour  accordingly  prevails.  In  many  cases,  however,  the  diP 
ferenoe  of  colour  of  the  two  stars  is  real. 

When  the  colours  are  complementary,  the  more  briUiant  iter 
is  generally  of  a  bright  red  or  orange  colour,  the  smaller  appearing 
bluish  or  greenish.  The  double  stars  i  Cancri  and  y  Andromeds 
are  examples  of  this.  According  to  Sir  J.  Herschel,  inaolated 
stars  of  a  red  colour,  some  almost  blood-red,  occur  in  many  paru 
of  the  heavens ;  but  no  example  has  been  met  with  of  a  decidedlj 
green  or  blue  star  imassociated  with  a  much  brighter  companion. 

699.  Trtpla  and  ather  maltlpla  atari.  —  When  teleacopes  of 
the  greatest  efficiency  are  directed  upon  some  stars,  which  to  more 
ordinary  instruments  appear  only  double,  they  prove  to  consist  cf 
three  or  more  stars.  In  some  cases  one  of  the  two  companions  only 
is  double,  so  that  the  entire  combination  is  triple.  In  others  botli 
are  double,  the  whole  being,  therefore,  a  quadruple  star.  An  ex- 
ample of  this  latter  class  is  presented  by  the  star  f  Lyrsa.  Some- 
times the  third  star  is  much  smaller  than  the  principal  ones,  for 
example,  in  the  cases  of  {*  Cancri,  {  Scorpii,  1 1  Monocerotis,  and 
12  Lyncis.  In  others,  as  in  0  Ononis,  the  four 
component  stars  are  all  conspicuous. 

700.  Attempts  ta  dIseoTar  the  sfeaUar  pa- 
raUax  by  doable  stars. — When  the  attention  of 
astronomers  was  first  attracted  to  double  stars, 
it  was  thought  they  would  afford  a  most  promisiiig 
means  of  determining  the  annual  parallax,  and 
thereby  discovering  the  distance  of  the  stars.  If 
we  suppose  the  two  individuals  compomng  a 
double  star,  being  situate  very  nearly  in  the  same 
direction  as  seen  from  the  earth,  to  be  at  veiy 
different  distances,  it  might  be  expected  that  th^ 
apparent  relative  position  would  vary  at  different 
seasons  of  the  year,  by  reason  of  the  change  of 
position  of  the  earth. 

Let  A  and  B,  Jig,  99,  represent  the  two  indi- 
viduals composing  a  double  star.  Let  c  and  D 
represent  two  positions  of  the  earth  in  its  annual 
orbit,  separated  by  an  interval  of  half  a  year,  and 
placed  therefore  on  opposite  sides  of  the  sun  & 
When  viewed  fix)m  c,  the  star  B  will  be  to  the 
left  of  the  star  a;  and  when  viewed  from  D, 
it  will  be  to  the  right  of  it  During  the  intermediate  six  months 
the  relative  change  of  position  would  gradually  be  effected,  and 
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the  one  star  would  thus  appear  either  to  revolve  annrudlj  round 
the  other,  or  would  oscillate  semi-annually  from  side  to  side  of 
the  otiier.  The  extent  of  its  play  compared  with  the  diameter  c  d 
of  the  earth's  orbit,  would  supply  the  data  necessary  to  determine 
the  proportion  which  the  disttnce  of  the  stars  would  bewr  to  that 
diameter. 

The  great  problem  of  the  stellar  parallax  seemed  thus  to  be  re- 
dact to  the  measurement  of  the  small  interval  between  the  indi- 
viduals of  double  stars;  and  it  happened  fortunately,  that  the 
micrometers  used  in  astronomical  instruments  were  capable  of 
measuring  these  minute  angles  with  much  greater  relative  accuracy 
thaik  could  be  attained  in  tiie  observations  on  greater  angular  dis- 
tances. To  these  advantages  were  added  the  absence  of  all  possible 
errors  arising  from  refraction,  errors  incidental  to  the  graduation  of 
instruments,  from  uncertainty  of  levels  and  plumb-lines,  from  all 
estimations  of  aberration  and  precession ;  in  a  word,  from  all  effects 
'which,  equally  affecting  both  the  individual  stars  observed,  could 
not  interfere  with  the  results  of  the  observations,  whatever  they 
might  be. 

70 1 .  ObaerrattoBs  ef  Sir  nr.  BerMhsL — ^These  considerations 
raised  great  hopes  among  astronomers,  that  the  means  were  in  their 
hands  to  resolve  finally  the  great  problem  of  the  stellar  parallax, 
and  Sir  William  Herschel  accordingly  engaged,  with  all  his  char- 
acteristic ardour  and  sagacity,  in  an  extensive  aeries  of  observations 
on  the  numerous  double  stars,  for  the  original  discovery  of  which 
science  was  already  so  deeply  indebted  to  Ids  labours.  He  had  not; 
however,  proceeded  far  in  his  researches,  when  phenomena  un- 
folded themselves  before  him,  indicating  a  discovery  of  a  much 
higher  order  and  interest  than  that  of  the  parallax  which  he  sought. 
He  found  that  the  relative  position  of  the  individuals  of  many  of 
the  double  stars  which  he  examined  were  subject  to  a  change,  but 
that  the  period  of  this  change  had  no  relation  to  the  period  of  the 
earth's  motion.  It  is  evident  that  whatever  appearances  can  pro- 
ceed from  the  earth's  annual  motion,  must  be  not  only  periodic  and 
regular,  but  must  pass  annually  through  the  same  series  of  phases,  • 
always  showing  the  same  phase  on  each  return  of  the  same  epoch 
of  the  sidereal  year.  In  the  changes  of  position  which  Sir 
William  Herschel  observed  in  the  double  stars,  no  such  series  of 
phases  presented  themselves.  Periods,  it  is  true,  were  soon 
developed  j  but  these  periods  were  regulated  by  intervals  which 
neither  agreed  with  each  other  nor  with  the  earth's  annual 
motion. 

702.  XU  dlaooreryef  binary  stan. — Some  other  explanation 
of  the  phenomena  must,  therefore,  be  sought  for ;  and  the  illustrious 
observer  soon  arrived  at  the  conclusion,  that  these  apparent  changes 
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of  position  were  due  to  real  motions  in  the  stars  themselTes ;  tfan 
these  stars,  in  fact,  moved  in  proper  orbits  in  the  same  maimer  as 
the  planets  moved  aromid  the  sun.  The  slowness  of  the  soooeasioii 
of  changes  which  were  observed,  rendered  it  necessaiy  to  wa«eli 
their  progress  for  a  long  period  of  time  before  their  motions  ooold 
be  certainly  or  accmratelj  known ;  and  accordingly,  although  tiiese 
researches  were  commenced  in  1778,  it  was  not  until  the  jev 
1 803  that  the  observer  had  collected  data  sufficient  to  juatify  anj 
positive  conclusion  respecting  their  orbital  motions.  In  that  and 
the  following  year,  Sir  WHliam  Herschel  announced  to  the  Bojal 
Society,  in  two  memorable  papers  read  before  that  body,  tiiat  ihen 
exist  ndereal  systems  consisting  of  two  stars  revolving  aboat  eadi 
other  in  regular  orbits,  and  constituting  what  he  called  bimmy  dw% 
to  distinguish  them  fix>m  double  stars,  generally  so  called,  in  -vHuch 
no  such  periodic  change  of  position  is  discoverable.  Both  the  indi- 
viduals of  a  binaiy  star  are  at  the  same  distance  from  the  eye  in 
the  same  sense  in  which  the  planet  Uranus  and  its  attesidant 
satellites  are  said  to  be  at  the  same  distance. 

More  recent  observation  has  fully  confirmed  these  remarkable 
discoveries.  In  1 841 ,  Madler  published  a  catalogue  of  upwards  of 
100  stars  of  this  class,  and  eveiy  year  augments  their  number. 
These  stars  require  the  best  telescopes  for  their  observation,  bemg 
generally  so  close  as  to  render  the  use  of  veiy  high  magnifying 
powers  indispensable. 

703.  azteaaien  oftlie  law  of  craTltatioB  te  tlie  stars. — The 
moment  the  revolution  of  one  star  round  another  was  ascertained, 
the  idea  of  the  possible  extension  of  the  great  principle  of  gravita- 
tion to  these  remote  regions  of  the  universe  naturally  suggested 
itself.  Newton  has  proved  in  his  Prmcipia,  that  if  a  body  revolve  in 
an  ellipse  by  an  attractive  force  directed  to  the  focus,  that  force 
will  vaiy  according  to  the  law  which  characterises  gravitation. 
Thus  an  elliptical  orbit  became  a  ^es^  of  the  presence  and  sway  of 
the  law  of  gravitation.  If^  then,  it  could  be  ascertained  that  the 
orbits  of  the  double  stars  were  ellipses,  we  should  at  once  airive 
at  the  fact  that  the  law  of  which  the  discoveiy  conferred  such 
celebrity  on  the  name  of  Newton,  is  not  confined  to  the  solar 
system,  but  prevails  throughout  the  universe. 

704.  Ort>lt  ef  star  around  star  slllpUc. —  The  first  distinct 
system  of  calculation  by  which  the  true  elliptic  elements  of  the 
orbit  of  a  binaiy  star  were  ascertained,  vnis  supplied  in  1 830,  by 
M.  Savaxy,  who  showed  that  the  motion  of  one  of  the  most  re- 
markable of  these  stars*  ((  Ursa  nu^'aris)  indicated  an  elliptic 
orbit  described  in  5  8}  years.  Professor  Encke,  by  another  process, 
arrived  at  the  fiict  that  the  star  70  OphmcM  moved  in  an  ellipse 
with  a  period  of  74  years.    Several  other  orbits  were  Bscertatned 
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And  computed  by  Sir  John  Herschel,  Ml^.  Madler/  Hilid;  Smyth, 
And  others. 

705.  Xemarkable  case  of  y  Virvlikis. —  The  most  remarkable 
of  these,  according  to  Sir  John  Herschel;  is  y  Virgmis :  ndt  only 
on  account  of  the  loDgth  of  its  period,  but  by  reason  also  of  the 
^reat  diminution  of  apparent  distance  and  rapid  increase  of  angular 
motion  about  each  other,  of  the  individuals  composing  it.  It  is 
a  bright  star  of  the  fourth  magnitude,  and  its  component  stars  are 
almost  exactly  equaL  It  has  been  known  to  consist  of  two  stars 
since  the  beginning  of  the  eighteenth  century,  their  distance  being 
.'then  between  six  and  seven  seconds ;  so  that  any  tolerably  good 

telescope  would  resolve  it.  Since  that  time  they  have  been  in 
conjunction,  so  that  no  telescope  that  was  not  of  veiy  superior 
quality  was  competent  to  show  them  otherwise  than  as  a  single 
star  somewhat  lengthened  in  one  direction.  At  the  present  time 
the  stars  have  passed  each  other,  their  angular  distance  being 
about  four  seconds.  It  fortunately  happens  that  Bradley,  in  1 7 1 8, 
noticed  and  recorded,  in  the  margin  of  one  of  his  observation- 
books,  the  apparent  direction  of  their  line  of  junction  as  being 
parallel  to  that  of  two  remarkable  stars  a  and  <  of  the  same  con- 
stellation, as  seen  by  the  naked  eye.  They  are  entered  also  as 
distinct  stars  in  Mayer's  catalogue ;  and  this  affords  also  another 
means  of  recovering  their  relative  situation  at  the  date  of  his  ob- 
servations, which  were  made  about  the  year  17  $6.  Without 
particularising  individual  measurements,  which  will  be  found  in 
their  proper  repositories,  it  will  suffice  to  remark,  that  their  whole 
aeries  is  represented  by  an  ellipse. 

706.  Binrnlar  plienomena  produoed  by  one  soliar  sjstem 
tliiis  rsTolTliiir  round  anotber.  —  To  understand  the  curious 
effects  which  must  attend  the  case  of  a  lesser  sun  with  its  attend- 
ant planets  revolving  round  a  greater,  let  the  largier  sun,^.  100, 
with  its  planets  be  represented  as  s,  in  the  focus  of  an  eUi^tse,  in 
which  the  lesser  sun  accompanied  by  iU  planets  moves.  At  a.  this 
latter  sun  is  in  its  perihelion,  and  nearest  to  the  greater  sun  s. 
Moving  in  its  periodical  course  to  B,  it  is  at  its  mean  distance  from 
the  sun  8.  At  D  it  is  at  aphelion,  or  its  most  distant  point,  and 
finally  returns  through  0  to  its  perihelion  A.  The  sun  8,  because 
of  its  vast  distance  from  the  system  A,  would  appear  to  the  in- 
habitants of  the  planets  of  the  system  A  much  smaller  than  their 
proper  sun ;  but,  on  the  other  hand,  this  effect  of  distance  would 
be  to  a  certain  extent  compensated  by  its  greatly  superior  magni- 
tude ;  for  analogy  justifies  the  inference  that  the  sun  s  is  greater 
than  the  sun  A  in  a  proportion  equal  to  that  of  the  magnitude  of 
our  sun  to  one  of  the  planets.  The  inhabitants  of  the  planets  of 
the  system  a  wiU  then  behold  the  spectacle  of  two  urns  in  their 
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iinnainent    The  annmd  motion  of  one  of  these  suns  will  he  de- 
termined hj  the  motion  of  the  planet  itself  in  its  orhit,  but  thst  of 

the  other  and  more  diatmt 
sun  will  be  determined  bj 
the  period  of  the  leaser  son 
around  the  greater  in  the 
orbit  A  B  D  a  The  votatioo 
of  the  planets  on  their  axes 
will  produce  two  daja  of 
equal  lengrth,  but  not  com- 
mencing or  ending  aimnlt*- 
neously.  There  will  be  in 
general  two  tumrisesBnd  tmo 
gmiteU!  When  a  planet  is 
'situate  in  the  part  of  its 
orbit  between  the  two  snna^ 
there  will  be  no  night  Hie 
two  suns  will  then  be  placed 
exactlj  as  our  sun  and  mo<»i 
are  placed  when  the  moon  is 
full.  When  the  one  sun  sets, 
the  other  will  rise ;  and  when 
the  one  rises,  the  other  will 
set  There  will  be,  therefore, 
continual  daj.  On  tiie  other 
handy  when  a  planet  is  at  such 
a  part  of  its  orbit  that  both 
suns  lie  in  nearly  the  same 
direction  as  seen  fiom  it, 
both  suns  will  rise  and  bodi 
will  set  together.  There  will 
then  be  the  ordinary  alternation  of  day  and  night  as  on  the  earth, 
but  the  day  will  have  more  than  the  usual  splendour^  being  en- 
lightened by  two  suns. 

In  all  intermediate  seasons  the  two  suns  will  rise  and  set  at 
different  times.  During  a  part  of  the  day  both  will  be  seen  at 
once  in  the  heavens,  occupying  different  places,  and  reaching  the 
meridian  at  different  times.  There  will  be  two  noons.  In  the 
morning  for  some  time,  more  or  less,  according  to  the  season  of  the 
year,  one  sun  only  will  be  apparent,  and  in  like  manner,  in  the 
evening,  the  sun  which  first  rose  will  be  the  first  to  set,  leaving  the 
dominion  of  the  heavens  to  its  splendid  companion. 

The  diurnal  and  annual  phenomena  incidental  to  the  planets 
attending  the  central  sun  s  will  not  be  materially  different,  except 
that  to  them  the  two  suns  will  have  extremely  different  magni- 


Fig.  too. 


DOUBLE  STABS.  413. 

tndesy  and  will  affi)rd  proportionallj  different  degrees  of  light. 
Tlie  leeser  sun  will  appear  much  smaller,  both  on  account  of  its 
really  inferior  magnitude  and  its  vastly  greater  distance.  The  two 
days,  therefore,  when  they  occur,  will  be  of  very  different  splendour, 
one  being  probably  as  much  brighter  than  the  other  as  the  light  of 
noonday  is  to  that  of  full  moonlight,  or  to  that  of  the  morning  or 
evening  twilight. 

Sut  these  singular  vicissitudes  of  light  will  become  still  more 
striking  when  the  two  suns  difiuse  light  of  difierent  colours.  Let 
HB  examine  the  very  common  case  of  the  combination  of  a  crimson 
-with  a  hhie  sun.  In  general,  they  will  rise  at  different  times. 
Wlien  the  blue  rises,  it  will  for  a  time  preside  alone  in  the  heavens, 
difiusing  a  blue  morning.  Its  crimson  companion,  however,  soon 
appearing,  the  lights  of  both  being  blended,  a  white  day  will  fol- 
loTv.  As  evening  approaches,  and  the  two  orbs  descend  toward 
the  western  horizon,  the  blue  sun  will  first  set,  leaving  the  crimson 
one  alone  in  the  heavens.  Thus  a  ruddy  evening  closes  this  curious 
anocession  of  varying  lights.  As  the  year  rolls  on,  these  changes 
"will  be  varied  in  every  conceivable  maimer.  At  those  seasons 
Tvhen  the  suns  are  on  opposite  sides  of  a  planet,  crimson  and  blue 
days  will  alternate,  wi^out  any  intervening  night;  and  at  the 
intermediate  epochs  all  the  various  intervals  of  rising  and  setting 
of  the  two  suns  will  be  exhibited. 

707.  XtafBttadaa  of  tbm  stelUur  orbits.  —  It  is  evident  that 
in  any  case  in  which  the  parallax  of  a  binary  star,  and  conse* 
qnently  its  distance  from  our  system,  has  been  or  nmy  be  discovered^ 
the  magnitude  of  the  orbit  of  one  described  round  the  other,  can 
he  determined  with  a  precision  and  certainly  proportional  to  those 
with  which  the  parallax  is  known.  For,  in  that  case,  the  linear 
Talne  of  V'  at  the  star  will  be  found  by  dividing  the  earth's  dis« 
tance  from  the  son  by  the  parallax  expressed  in  seconds. 

The  binary  stars  61  Cygni  and  a  CetUauri  supply  examples  of 
the  i^lication  of  this  principle.  The  parallax  of  these  stars  has 
been  ascertained  (171).  That  of  61  Cygni  is  0*348,  and  the 
semi-axis  of  the  elliptic  orbit  of  one  star  round  the  other  is  1  $"f^. 
The  semidiameter  of  the  earth's  orbit  being  2>,  therefore,  the  Ihiear 

value  of  i''  at  the  star  is  ■  ^  ^ ,  and  the  semi-axis  a  of  the  stellar 

0-348 
orbit  ii 

It  appears,  therefore,  that  the  semi-axis  of  the  orbit  is  greater  than 
that  of  Neptune's  orbit  in  the  ratio  of  3  to  2.  • 
The  angle  subtended  by  the  semi-axiB  of  the  elliptic  orbit 

as  a 
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of  a  Centaori  is  not  so  certainly  known,  but  is  taken  to  be 
about  12'^  The  parallax  of  this  star  being  o^'*976,  we  ahcfod 
then  have 

0-976 

The  semi-axis  of  the  stellar  orWt  would,  therefore,  be  rather  nwas 
than  one-quarter  greater  than  that  of  the  orbit  of  Saturn. 
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708.  The  aters  net  abaotatelj  Used.  —  In  common  pariaue 
the  stars  are  said  to  hejised.  They  have  receiyed  this  epiUiet  to 
distingiush  them  from  the  planets,  the  sun,  and  the  moon,  all  of 
which  constantly  undergo  changes  of  apparent  position  oa  the 
surface  of  the  heavens.  The  stars,  on  the  contrary,  so  far  as  the 
powers  of  the  eye  unaided  by  art  can  discover,  never  change  their 
relative  position  in  the  firmament,  which  seems  to  be  carried  lormd 
us  by  the  diurnal  motion  of  the  sphere,  just  as  if  the  stars  were 
attached  to  it,  and  merely  shared  in  its  apparent  motion. 

But  the  stars,  though  subject  to  no  motion  perceptible  to  ike 
naked  eye,  are  not  absolutely  fixed.  When  the  place  of  a  star  on 
the  heavens  is  exactly  observed  by  means  of  good  astronomical 
instruments,  it  is  found  to  be  subject  to  a  change  from  month  to 
month  and  from  year  to  year,  small  indeed,  but  still  easily 
observed  and  certainly  ascertained. 

709.  The  aim  not  a  fixed  oentre. — It  has  been  demonstrated 
by  Laplace,  that  a  system  of  bodies,  such  as  the  solar  aystem, 
placed  in  space  and  submitted  to  no  other  continued  force  except 
the  reciprocal  attractions  of  the  bodies  which  compose  it,  must 
either  have  its  common  centre  of  gravity  stationaiy  or  in  a  statd 
of  uniform  rectilinear  motion. 

710.  BSset  of  the  ami'a  mippoeed  metten  en  the  epperent 
plaeea  of  the  stars.  —  The  chances  against  the  oondititms  which 
would  render  the  sun  stationary,  compared  with  those  whidi 
would  give  it  a  motion  in  some  direction  with  some  velocity,  are  ao 
numerous  that  we  may  pronounce  it  to  be  moraUy  certain  that  our 
system  is  Id  motion  in  some  determinate  direction  through  the 
universe.  Now,  if  we  suppose  the  sun  attended  by  the  planets 
to  be  thus  moved  through  space  in  any  direction,  an  obserrer 
placed  on  the  earth  would  see  the  effects  of  such  a  motion,  as  a 
spectator  in  a  steamboat  moving  on  a  river  would  perceive  his 
progressive  motion  on  the  stream  by  an  i^parent  motion  of  the 
banks  in  a  contrary  direction.  The  observer  on  the  earth  would, 
therefore,  detect  such  a  motion  of  llie. solar  system  throu^  space 
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by  the  apparent  motion  in  the  oontraiy  direction  with  wliich  the 
■tars  -would  be  affected. 

Sucsh  a  motion  of  the  aolar  ayatem  would  affect  different  atara 

differentlj.    All  would,  it  ia  true;  appear  to  be  affected  by  a 

oomtrary   motion,  but  all  would  not  be  equally  affected.    The 

nearest  would  appear  to  have  the  moat  perceptible  motion,  the 

more  remote  would  be  affected  in  a  lesa  degree,  and  aome  might, 

from  their  extreme  diatance,  be  ao  alightij  affected  aa  not  to  exhibit 

any  apparent  change  of  place,  even  when  examined  with  the  moat 

d^cate  inatrumenta.    To  whatever  degree  each  atar  might  be 

affected,  all  the  changea  of  poaition  would,  however,  apparentij 

take  place  in  the  aame  direction. 

The  apparent  effecta  would  also  be  exhibited  in  another  manner. 
The  atara  in  that  region  of  the  universe  toward  which  the  motion 
of  the  ajatem  is  directed,  would  appear  to  recede  from  each  other. 
The  apacea  which  separate  them  would  seem  to  be  gradually  aug- 
mented, while,  on  the  contrary,  the  stars  in  the  opposite  quarter 
would  seem  to  be  crowded  more  closely  together,  the  distancea 
between  atar  and  star  being  gradually  diminished.  Thia  will  be 
more  clearly  comprehended  by^.  loi. 

Let  the  line  s  %'  represent  the  direction  of  the  motion  of  the 
sjatem,  and  let  s  and  s^  represent  its  positions  at  any  two  epochs. 


Fig.  101. 

At  B,  the  staja  A  B  c  would  be  aeparated  by  intervals  measured  by 

the  angles  abb,  and  B  8  c,  while  at  s' they  would  appear  aeparated 

by  the  leaaer  anglea  a  s'  b,  and  b  s'  c.    Seen  from  8^,  the  atara  a  B  0 

would  seem  to  be  closer  together  than  they  were  when  aeen  from 

8.    For  like  reaaona  the  stars  ah  e,  towards  which  the  system  ia 

here  supposed  to  move,  would  seem  to  be  closer  together  when  seen 

from  8,  than  when  seen  from  8^    Thus,  in  the  quarter  of  the 

heavens  towards  which  the  system  is  moving,  the  stars  might  be 

expected  to  separate  gradually,  while  in  the  opposite  quarter  they 

would  become  more  condensed.    In  all  the  intermediate  parts  of 

the  heavena  they  would  be  affected  by  a  motion  contrary  to  that  oi 

the  lolar  system.    Such  in  general  would  be  the  effecta  of  a  pro« 

greeiiye  motion  of  our  ayatem* 
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711.  V«ttoB  of  tlie  I 
9ftbm  stars.  — Although  no  general  effect  of  this  kind  has 
manifested  in  any  conspicnons  manner  among  the  fixed  stan,  maaxj 
of  these  objects  have  been  found,  in  long  periods  of  time,  to  baTe 
diifted  their  position  in  a  yerj  sennble  degree.  Thus,  for  example^ 
the  three  stars,  Sinus,  Aictums,  and  Aldebaran,  hare  undeigtBe. 
since  ^e  time  of  !ffipperchus  (i  30  b.  g.),  a  change  of  position 
southwards,  amounting  to  considerably  more  than  half  a  degree. 
The  double  star  61  Cjgni  has,  in  half  a  centuiy,  moved  thioagb 
neariy  4^*5,  the  two  stars  composing  it  being  earned  along  in  paraBd 
lines  with  common  yelodty.  The  stars  c  Indi  and  /i  Caaaiopeis 
move  at  the  rate  of  7"74  and  3"74  annually. 

Various  attempts  have  been  made  to  render  these  and  other  like 
changes  of  apparent  position  of  the  fixed  stars  compatible  willi 
some  assumed  motion  of  the  sun.  Sir  W.  Herschel,  in  1783, 
reasoning  upon  the  proper  motions  which  had  then  been  observed, 
arrived  at  the  conclusion,  that  such  appearances  might  be  explained 
by  supposing  that  the  sun  has  a  motion  directed  to  a  point  near 
the  star  X  Herculis.  About  the  same  time,  M.  Prevost  came  to  a  like 
conclusion,  assigning,  however,  the  direction  of  the  supposed  molaoii 
to  a  point  differing  by  27^  from  that  indicated  by  Sir  W.  HerscdieL 

Since  that  epoch  the  proper  motions  of  the  stars  have  been  more 
extensively  and  accurately  observed,  and  calculations  of  the  motion 
of  the  8«n  mkidk  they  indicate,  faa^ra  been  «ade  by  ssTenal  astro- 
nomers. The  following  points  have  been  assigned  as  'tiie  direction 
of  the  solar  motion  in  x  790 : — 


B.  A. 

260°  34' 

63^43' 

Sir  W.  HerscheL 

256  25 

51      23 

Aigelaoder. 

255   10 

51      26 

Ditto. 

261    II 

59     * 

Ditto. 

25*  53 

75  3+ 

LuhndahL 

261  22 

52  24 

Otto  Struve. 

261  29 

65   16 

Airy. 

263  44 

65     0 

Airy  and  Dunkin. 

The  first  estimate  of  Argelander  was  made  from  the  proper  motions 
of  21  stars,  each  of  whidi  has  an  annual  motion  greater  than  i^'; 
the  second  from  50  stars  having  annual  proper  motions  between  i" 
and  o'''5,  and  the  third  from  those  of  319  stars  having  motions 
between  0"'$  and  o'^-l.  The  estimate  of  M.  Luhndahl  is  based  on 
the  motions  of  147  stars,  that  of  M.  Struve  on  392  stars,  that  of 
Mr.  Airy  on  11 3  stars,  and  that  of  MM.  Airy  and  Dunkin  on  1 167 
stars.    (See  Appendix,  812.) 

The  mean  of  all  these  estimates  is  a  point  whose  right  ascension 
is  259^  6',  and  north  polar  distance  60°  29'^  which  it  will  ha 


PROPER  MOTION  OF  THE  STARS.  417 

seen  diffen  veiy  little  from  the  point  originallj  assigned  by  Sir  W. 
CEeiBcheL 

The  preceding  calculations  being  based  generally  on  observa* 
tiona  of  stars  in  the  northern  hemisphere,  it  was  obviously 
desirable  that  similar  estimates  should  be  made  from  the  ob- 
aerved  proper  motions  of  southern  stars.  Mr.  Galloway  imder* 
took  and  executed  these  calculations;  and  found  that  the 
aouthem  stars  gave  the  direction  of  the  solar  motion  for  1 790,  to  be 
towards  a  point  whose  right  ascension  is  260^  l%  and  north  polar 
diatance  55®  37', 

No  doubt,  ^erefore,  can  remain  that  the  proper  motion  of  the 
stars  is  produced  by  a  real  motion  of  the  solar  system,  and  that 
the  direction  of  this  motion  in  1 790  was  towards  a  point  of  space 
-which;  seen  from  the  then  position  of  the  system,  had  the  right  as* 
cension  of  about  260^,  and  the  north  polar  distance  of  about  6o^ 

7x2.  Velodtyof  tba  solar  motloii. — It  follows  from  these 
calculations,  that  the  average  displacement  of  the  stars  requires 
that  the  motion  of  the  sun  should  be  such  as  that  if  its  direction 
were  at  right  angles  to  a  visual  ray,  drawn  from  a  star  of  the  first 
magnitude  of  average  distance,  its  apparent  annual  motion  would 
be  o'''3  592 ;  and  taking  the  average  parallax  of  such  a  star  at  o"'209, 
it  follows,  therefore,  that  the  annual  motion  of  the  sun  would  be 
148, 500,000  miles,  a  velocity  equal  to  something  more  than  the 
fourth  of  the  earth*s  orbital  motion. 

713.  The  probabls  eentre  ef  solar  motfoa. — The  motion  of 
the  sun,  which  has  been  computed  in  what  precedes,  is  that  which 
it  had  at  a  particular  epoch.  No  account  is  taken  of  the  possible  or 
probable  changes  of  direction  of  such  motion.  To  suppose  that  the 
solar  system  should  move  continuously  in  one  and  the  same  direction, 
would  be  equivalent  to  the  supposition  that  no  body  or  collection 
of  bodies  in  the  universe  would  exercise  any  attraction  upon  it. 
It  is  obviously  more  consistent  with  probability  and  analogy,  that 
the  motion  of  the  system  is  orbUal,  that  is  to  say,  that  it  revolves 
round  some  remote  centre  of  attraction,  and  that  the  direction  of 
its  motion  must  continually  change,  although  such  change, 
owing  to  the  great  magnitude  of  its  orbit,  and  the  relative  slow- 
ness of  its  motion,  be  so  very  slow  as  to  be  quite  imperceptible 
within  even  the  longest  interval  over  which  astronomical  records 
extend. 

Attempts  have,  nevertheless,  been  made  to  determine  the 
centre  of  the  solar  motion ;  and  Dr.  Miidler  has  thrown  out  a  sur^ 
mise  that  it  lies  at  a  point  in  or  near  the  small  constellation  of  the 
Pleiades. 

This  and  like  ^>eculations  must,  however,  be  regarded  as  con- 
jectural (ot  the  present 
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CHAPTER  XXL 

TUB  FOBM  AHD  DIMK2«»IOX8  OP  THB  MASS  OF  STABS  WHICII 
THE  VISIBIJI  PIKMAMEXT. 

714.  MBtrllmtlMi  ef  ttmrm  on  tbm  Innmmeiit. —  The  a^»ect 

of  the  fimuuneDt  might,  at  liret^  impress  the  mind  of  an  obeenrer 
with  the  idea  that  the  numerous  stars  scattered  oTer  it  are 
destitute  of  any  law  or  regularity  of  arrangement^  and  that  their' 
distribution  is  like  the  fortuitoun  position  which  objects  casoallj 
flung  upon  such  a  surface  might  be  imagined  to  assume.  I^ 
however,  the  different  regions  of  the  hearens  be  more  careful] j 
examined  and  compared,  this  first  impression  will  be  corrected^ 
and  it  will,  00  the  contrary,  be  found  that  the  distribution  of  the 
stars  over  the  surface  of  the  celestial  sphere  follows  a  distinct  and 
well-defined  law;  that  their  density,  or  the  number  of  tbon 
which  is  found  in  a  given  space  of  the  heavens,  varies  regularly,  in- 
creasing continually  in  certain  directions,  and  decreasing  in  other*. 
Sir  W.  Herschel  submitted  the  heavens,  or  at  least  tiiat  part  of 
them  which  is  observable  in  these  latitudes,  to  a  rigorous  telescopic 
survey,  counting  the  number  of  individual  stars  visible  in  ^e 
field  of  view  of  a  telescope  of  given  aperture,  focal  length,  and 
magnifying  power,  when  directed  to  difierent  parts  of  the  firma- 
ment The  result  of  this  survey  proved  that,  around  two  points  of 
the  celestial  sphere  diametrically  opposed  to  each  other,  the  stars, 
are  more  thinly  scattered  than  elsewhere;  that  departing  fitim 
these  points  in  any  direction,  the  number  of  stars  included  in  the 
field  of  view  of  the  same  telescope  increases  first  slowly,  but  at 
greater  distances  more  rapidly ;  that  this  increase  continues  unti] 
the  telescope  receives  a  direction  at  right  angles  to  the  diameter 
which  joins  the  two  opposite  points  where  the  distribution  is 
the  least  in  number ;  and  that  in  this  direction  the  stars  are  so 
closely  crowded  together  that  it  becomes,  in  some  cafees,  imprac- 
ticable to  count  them. 

715.  Oalaetle  eir^e  and  poles.  — The  two  opposite  points  of 
the  celestial  sphere,  around  which  the  stars  are  observed  to  be 
more  thinly  scattered  than  in  other  directions,  have  been  caUed 
the  OALAcno  poles  ;  and  the  great  circle  at  right  angles  to  the 
diameter  joining  these  points,  has  been  denominated  the  OAiAcno 

dltCLE. 

This  circle  intersects  the  celestial  equator  at  two  points, 
situate  10^  east  of  the  equinoxial  points,  and  is  inclined  to  the 
equator  at  an  angle  of  6^%  and  therefore  to  the  ed^tic  at  an 
angle  of  40®. 
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In  referring  to  and  explaining  the  distribution  of  the  stars  over 
tlie  celestial  sphere,  it  will  be  convenient  to  refer  them  to  this 
circle  and  its  poles,  as,  for  other  purposes,  they  have  been  referred 
to  the  equator  and  its  poles.  We  shall,  therefore,  express  the  - 
dislAnce  of  different  points  of  the  firmament  from  the  galactic 
circle,  in  either  hemisphere,  by  the  tenns- north  or  south  eALAcno 

XATITUDB. 

716.  Variatton  of  the  stellar  density  in  relation  to  tbis 
eirele.  —  The  elaborate  series  of  stellar  observations  in  the 
northern  hemisphere  made  during  a  great  part  of  his  life  by  Sir 
W.  Herschei,  and  subsequently  extended  and  continued  in  the 
southern  hemisphere  by  Sir  J.  Herschei,  has  supplied  data  by 
i^hich  the  law  of  the  distribution  of  the  stars,  according  to  their 
g^alactic  latitude,  •has  been  ascertained  at  least  with  a  near  approxi- 
mation. 

The  great  celestial  survey  executed  by  these  eminent  observers 
-WBfl  conducted  upon  the  principle  explained  above.  The  telescope 
naed  for  the  purpose  had  1 8  inches  aperture,  20  feet  focal  lengUi, 
and  a  magnifying  power  of  1 80.  It  was  directed  indiscriminately 
to  every  point  of  the  celestial  sphere  visible  in  the  latitude  of  the 
places  of  observation. 

It  was  by  means  of  a  vast  number  of  distinct  observations  thus 
made,  that  the  position  of  the  galactic  poles  was  ascertained.  The 
density  of  the  stars,  measured  by  the  number  included  in  each 
'^  g»uge  "  (as  the  field  of  view  was  called),  was  nearly  the  same 
for  the  same  galactic  latitude,  and  increased  in  proceeding  from 
the  galactic  pole,  very  slowly  at  first,  but  with  great  rapidily  when 
the  galactic  latitude  was  much  diminished. 

717.  Strwe's  analysis  of  Kersoliel's  observations.  —  An 
analysis  of  the  observations  of  Sir  W.  Herschei,  in  the  northern 
hemisphere,  was  made  by  Professor  Struve,  with  the  view  of 
determining  the  mean  density  of  the  stars  in  successive  zones  of 
galactic  latitude ;  and  a  like  analysis  has  been  made  of  the  obser- 
vations of  Sir  J.  Herschei,  in  the  southern  hemisphere. 

.  If  we  imagine  the  celestial  sphere  resolved  into  a  succesnon  of 
sones,  each  measuring  1 5<»  in  bieadth,  and  bounded  by  parallels  to 
the  galactic  circle,  the  average  number  of  stars  included  within 
a  circle  whose  diameter  is  1 5',  and  whose  magnitude,  therefore, 
would  be  about  the  fourth  part  of  that  of  the  disk  of  the  sun  or 
moon,  will  be  that  which  is  given  in  the  second  oolunm  of  the 
following  Table. 
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N  9o«—  750 
„  75  —  60 
„  60  —  45 
>»  45  —  30 

yy    30   —  15 

1,  15  —  o 
S     0  —  15 

^f  >5  —  30 
»  30  —  45 
,,45—60 
yy  60  —  75 
yy  75  —  9© 


It  appears,  therefore,  that  the  variation  of  the  dendtj  of  tiw 
Tiaible  stars  in  proceeding  from  the  galactic  plane,  either  north  or 
south,  is  subject  almost  exactly  to  the  same  law  of  decrease,  ^0 
density,  however,  at  each  latitude  being  somewhat  greats  in  the 
southern  than  in  the  northern  hemisphere. 

718.  The  mllkj-wmy. — The  regions  of  the  heavens,  which 
extend  to  a  certain  distance  on  one  side  and  the  other  of  the  galactic 
plane,  are  generallj  so  densely  covered  with  small  stars,  as  to 
present  to  the  naked  eye  the  appearance,  not  of  stars  crowded 
together,  but  of  whitish  nebulous  light  This  appearance  extends 
over  a  vast  extent  of  the  celestial  sphere,  deviating  in  some  places 
from  the  exact  direction  of  the  galactic  circle,  bifurcating'  and 
diverging  into  two  branches  at  a  certain  point  which  afterwaids 
reunite,  and  at  other  places  throwing  out  off-shoots.  This  appear- 
ance was  denominated  the  Via  Lactea,  or  the  galaxy  *,  by  ^le 
ancients,  and  it  has  retained  that  name. 

The  course  of  the  milky  way  may  be  so  much  more  easily  and 
clearly  followed  by  means  of  a  map  of  the  stars,  or  a  celestial 
globe,  upon  which  it  is  delineated,  that  it  will  be  needless  here  to 
describe  it. 

719.  Zt  oonslsts  of  Uummerable  stars  crowded  tovotherw 
—  When  this  nebulous  whiteness  is  submitted  to  telescopic  exami- 
nation with  instruments  of  adequate  power,  it  proves  to  be  a  mass 
of  countless  numbers  of  stars,  so  smaU  as  to  be  individually  undis- 
tinguishable,  and  so  crowded  together  as  to  give  to  the  place  they 
occupy  the  whitish  appearance  from  which  the  milky  way  takes 
its  name. 

Some  idea  may  be  formed  of  the  enormous  number  of  stars  which 
are  crowded  together  in  those  parts  of  the  heavens,  by  the  actual 

*  From  the  Greek  wonl,  7(Ua,  TcUorroif .  milk. 
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xrambera  so  distmctlj  visible  as  to  admit  of  being  counted  or 

^mtimaied,  which  are  stated  bj  Sir  W.  Herschel  to  have  been  seen 

in  spaces  of  given  extent    He  states,  for  example,  that  in  those 

parts  of  the  milky  way  in  which  the  stars  were  most  thinly 

a<:attered,  he  sometimes  saw  eighly  stars  in  each  field.    In  an  hour, 

ftfteea  degrees  of  the  firmament  were  carried  before  his  telefBcope, 

showing  succeesively  sixty  distinct  fields.    Allowing  eighty  stars 

£or  each  of  these  fields,  there  were  thus  exhibited,  in  a  single  hour, 

"v^thout  moving  the  telescope,  four  thousand  eighthundred  distinct 

stars  1    But  by  moving  the  instrument  at  the  same  time  in  the 

T'ertical  direction,  he  found  that  in  a  space  of  the  firmament  not 

more  than  fifteen  degrees  long  by  four  broad,  he  saw  fifby  thousand 

stars,  laige  enough  to  be  individually  visible  and  distinctly  counted  1 

The  surprising  character  of  this  result  will  be  more  adequately 

appreciated,  if  it  be  remembered  that  this  number  of  stars  thus  seen 

in  the  space  of  the  heavens  not  more  than  thirty  diameters  of  the 

moon's  disk  in  length  and  eight  in  breadth,  is  fifty  times  greater 

than  all  the  stars  taken  togetiier  which  the  naked  eye  can  perceive 

at  any  one  time  in  the  heavens,  on  the  most  serene  and  unclouded 

night  1 

On  presenting  the  telescope  to  the  richer  portion  of  the  via  lactea, 
Herschel  found,  as  might  be  expected,  much  greater  numbers  of 
stars.  In  a  single  field  he  was  able  to  count  588  stare ;  and  for 
fifteen  minutes,  the  firmament  being  moved  before  his  telescope 
by  the  diurnal  motion,  no  diminution  of  number  was  apparent,  so 
that  he  estimated  that  in  that  space  of  time  1 16,000  stare  must 
have  passed  in  review  before  him ;  the  number  seen  at  any  one  time 
being  greater  than  can  be  seen  by  the  naked  eye,  on  the  entire 
firmament,  except  on  the  clearest  nights. 

720.  Tlie  probable  fbnn  of  the  atratmn  of  stars  la  wblob 
Uio  saa  is  placed. — It  may  be  considered  as  established  by  a 
body  of  analogical  evidence,  having  all  the  force  of  demonstretion, 
that  the  fixed  stare  are  self-luminous  bodies,  similar  to  our  sun ; 
and  that  although  they  may  differ  more  or  less  fix)m  our  sun  and  firom 
each  other  in  magnitude  and  intrinsic  lustre,  they  have  a  certain 
average  magnitude ;  and  that  therefore,  in  the  main,  the  great  dif- 
ference which  is  apparent  in  their  brightness  is  to  be  ascribed  to 
difference  of  distance.  Assuming,  then,  that  they  are  separated 
fiom'  each  other  by  distances  analogous  to  their  distances  from  the 
ton,  itself  a  star,  the  general  phenomena  which  have  been  described 
above,  involving  the  rapid  increase  of  stellar  density  in  approaching 
the  galactic  plane,  combined  with  the  observed  form  of  the  milky 
way,  which,  foUowing  the  galactic  plane  in  its  general  course  departs 
nevertheless  from  it  at  some  points,  bifurcates,  resolving  itself  into 
two  diverging  branches  at  othere,  and  at  othera  throws  out  irregular 
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off-fthootSy  conducted  Sir  W.  Henchel  to  the  condusioo^  tint  tfe 
•tan  of  our  firmament^  including  thoee  which  the  teleeoope  rendsi 
visibley  as  well  as  those  risible  to  the  naked  eye,  instead  of  bei^ 
scattered  indiflRsrently  in  all  directions  around  the  soljur  ajB^ea, 
through  the  depths  of  the  uniyerse,  form  a  stratum  of  definite  fam 
and  dimensions,  of  which  the  thickness  bears  a  Tery  small  propor- 
tion to  the  length  and  breadth,  and  that  the  sun  and  soUr  ajTstea 
is  placed  within  this  stratum,  verj  near  its  point  of  biAiroOiflD, 
lelatiyely  to  its  breadth  near  its  middle  point,  and  relathrefy  to  its 
thickness  (as  would  appear  from  the  more  recent  obsenratioDs) 
nearer  to  its  northern  than  to  its  southern  sur&ce. 

Let  A  0  H  J*,Jiff*  1 02,  represent  a  rough  outline  of  a  section  of  such 
a  stratum,  made  bya  plane  passing  through  or  near  its  centzB.    Let 
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▲  B  represent  the  intersection  of  this  with  the  plane  of  the  galactic 
circle,  so  that,  8  being  the  place  of  the  solar  system,  z  0  will  be  the 
direction  of  the  north,  and  s  D  that  of  the  south  galactic  pole.  Let 
z  H  represent  the  two  branches  which  bifurcate  from  the  chief 
stratum,  at  B.  Now,  if  we  imagine  visual  lines  to  be  drawn  from  i 
in  all  directions,  it  will  be  apparent  that  those  s  c  and  z  B,  wiach 
are  directed  to  the  galactic  poles,  pass  through  a  thinner  bed  of 
stars  than  any  of  the  others;  and  since  z  is  supposed  to  be  nearer  to 
the  northern  than  to  the  southern  side  of  the  stratum,  s  0  will  pass 
through  a  less  thickness  of  stars  than  z  B.  As  the  risual  lines  are 
inclined  at  greater  and  greater  angles  to  z  ▲,  their  length  rapidly 
decreases,  as  is  evident  by  compaiiifg  z  1,  z  s,  and  z  F,  which  ex- 
plains the  fact  that  while  the  stars  aro  as  thick  as  powder  in  the 
direction  z  ▲,  they  become  less  so  in  the  direction  z  B,  and  still  less 
in  the  direction  z  7,  until  at  the  poles  in  the  directions  z  c  and  i  B, 
they  become  least  dense. 

On  the  other  edde,  z  B  being  less  than  z  ▲,  a  part  of  the  galactic 
circle  is  found  at  which  the  stars  aro  mora  thinly  sc^tered; 
|>ut  in  two  directions,  z  H  intermediate  between  z  B  and  thega;' 
lactic  poles,  they  again  become  nearly  as  dense  as  in  the  directi<m  liu 
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This  illustration  mnst^  however^  be  taken  in  a  very  general  sensei 
IN'o  attempt  is  made  to  represent  the  various  off-shoots  and  varia* 
tions  of  length;  breadth,  and  depth  of  the  stratum  measured  from 
the  position  of  the  solar  system  within  it,  which  have  been  indicated 
\>j  the  telescopic  towtdingi  of  Sir  W.  Herschel  and  hie  illustrious 
son,  whose  wondrous  labours  have  effected  what  promisee  in  time, 
l>j  the  persevering  researches  of  their  successors,  to  become  a  com- 
plete analysis  of  this  most  marvellous  mass  of  systems.  Meanwhile 
it  may  be  considered  as  demonstrated  that  it  consists  of  myriads  of 
stars  clustered  together : 

**  A  broad  and  ample  road,  whose  dust  ia  gold. 
And  pavement  stars,  as  stars  to  us  appear, 
Seen  in  the  galaxy,  that  Milky  Way, 
Like  to  a  cireling  zone  powdered  with  Stan.** — Miltok. 

The  appearance  which  this  mass  of  stars  would  present  if  viewed 
from  a  position  directly  above  its  general  plane,  and  at  a  sufficient 
distance  to  allow  its  entire  outline  to  be  discerned,  was  represented 
hj  Sir  William  Herschel  as  resembling  the  starry  stratum  sketched 
inPUteXXIX. 

He  considered  that  it  was  probable  that  the  thickness  of  this  bed 
of  dors  was  equal  to  about  eighty  times  the  distance  of  the  nearest 
of  the  fixed  stars  from  our  system ;  and  supposing  our  sun  to  be 
near  the  middle  of  this  thickness,  it  would  follow  that  the  stars  on 
its  surface  in  a  direction  perpendicular  to  its  general  plane  would 
be  at  the  fortieth  order  of  (Ustance  from  us.  The  stars  placed  in 
the  more  remote  edges  of  its  length  and  hreadih  he  estimated  to  be 
in  some  places  at  the  nine-hundredth  order  of  distance  fr^m  us,  so 
that  its  extreme  length  may  be  said  to  be  in  round  numbers  about 
2000  times  the  distance  of  the  nearest  fixed  stars  from  our  system. 
Such  a  space  light  would  take  20,000  years  to  move  over,  moving 
all  that  time  at  the  rate  of  nearly  200,000  miles  between  every  two 
ticks  of  a  common  dock  I 


CHAPTER  yXTT. 
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721.  Tlia  stara  wldeli  Ibrm  the  flmuunent  a  Stellar  elviater. 
— Aaaloffy  ancfMta  the  probable'  azlateiioe  of  otbera. — It 

appears,  then,  that  our  sun  is  an  individual  star,  forming  only  a 
single  unit  in  a  cluster  or  mass  of  many  millions  of  other  similnr 
stars;  that  this  cluster  has  limited  dimensions,  has  ascertainable 
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length;  breadth,  and  thickness,  and  in  short,  forma  what  naj  W 
expressed  hy  a  mUtferse  of  solar  sytienu.  The  mind,  adll 
fied,  is  as  urgent  aa  before  in  its  questions  regarding  the  i 
of  immmiUy  /  However  vast  the  dimensions  of  thia  miiaa  of  i 
be,  they  are  neyertheless  finite.  However  stupendous  be  Hie  i 
included  within  them,  it  is  still  fwUUng  compared  to  the  immeDsilf 
which  lies  outside  1  Is  that  immensity  a  vast  solitude  P  Are  ita 
unexplored  realms  dark  and  silent?  Has  Omnipotence  circam- 
scribed  its  agency,  and  has  Infinite  Benefio^ice  left  those  un&- 
thomed  regions  destitute  of  evidence  of  His  power  ? 

That  the  infinitude  of  space  should  exist  without  a  XMopoae, 
unoccupied  by  any  works  of  creation,  is  plainly  incompatible  with 
all  our  notions  of  the  character  and  attributes  of  the  Authoir  of  thd 
universe,  whether  derived  from  the  voice  <^  revelation  or  finom  ^le 
light  of  nature.  We  should  therefore  infer,  even  in  the  absence  d, 
direct  evidence,  that  tome  works  of  creation  are  dispersed  tfaioii|^ 
those  spaces  which  lie  beyond  the  limits  of  that  vast  stellar  dosta 
in  which  our  system  is  placed.  Nay,  we  should  be  led  by  die 
most  obvious  analogies  to  conjecture  that  oiher  Miar  duden  like 
our  own  are  dispersed  through  immensity,  separated  probably  hy 
distances  as  much  greater  than  those  which  intervene  between  star 
and  star,  as  the  latter  are  greater  than  those  which  separate  the 
bodies  of  the  solar  system.  But  if  such  distant  dusters  existed,  it 
may  be  objected,  that  they  must  be  visible  to  us ;  that  althoi^ 
diminished,  perhaps,  to  mere  spots  on  the  firmament,  they  would 
Still  be  rendered  apparent,  were  it  only  as  confused  whitish  patches, 
by  the  telescope ;  that  as  the  stars  of  the  milky  way  assume  to  the 
naked  eye  the  appearance  of  mere  whitish  nebulosity,  so  the  fiir 
more  distant  stars  of  other  clusters,  which  cannot  be  perceived 
at  all  by  the  naked  eye,  would,  to  telescopes  of  adequate  power, 
present  the  same  whitish  nebulous  appearance ;  and  that  we  might 
look  forward  without  despair  to  such  augmentation  of  the  powefs 
of  the  telescope  as  may  even  liable  us  to  perceive  them  to  be  actual 
clusters  of  stars. 

722.  Sneli  elnstera  of  stars  Uunimerabla. — Such  anticipa- 
tions have  accordingly  been  realised.  In  various  parts  of  the 
firmament  objects  are  seen  which,  to  the  naked  eye,  appear  like 
stars  seen  through  a  mist,  and  sometimes  as  nebulous  specks, 
which  might  be,  and  not  unfrequently  are,  mistaken  for  cometa 
With  ordinary  telescopes  these  objects  are  visible  in  very  consider- 
able numbers,  and  were  observed  nearly  a  century  ago.  In  the 
CoimaUsance  des  Temps,  for  1 784,  M.  Me&sier,  then  so  celebrated  for 
his  observations  on  comets,  published  a  catalogue  of  103  objects 
of  this  class,  of  many  of  which  he  gave  drawings,  with  which  all 
observers  who  search  for  comets  ought  to  be  fiuniliar,  to  avoid 
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'being  misled  bj  their  reeemblance  to  them.  The  improyed  powers 
o^  the  telescope  speedily  disclosed  to  astronomers  the  nature  of 
-ftlieee  objects,  which;  when  examined  by  sufficient  magrnifying 
poipirers;  prove  to  be  masses  of  stars  clustei^d  together  in  a  manner 
^dl/entical  with  that  cluster  in  which  our  sun  is  placed.  They 
Appear  as  they  do,  mere  specks  of  whitish  light,  because  of  their 
^snormous  distance. 

723.  IMBtiibiitloBOftiliisteraaBdBebiilSBOBtliellniiaiiieiit. 

^Theee  objects  are  not  dispersed  fortuitously  and  indifferently  on 

ifell  parts  of  the  heaTens.  They  are  wholly  absent  from  some 
xegionsy  in  some  rarely  found,  and  crowded  in  amazing  profusion 
in  others.  Their  disposition,  however,  is  not  like  that  of  the  stars 
in  general,  determin^  by  a  great  circle  of  the  sphere  and  its  poles. 
Xt  was  supposed  that  they  showed  a  tendency  to  crowd  towards  a 
xone  at  right  angles  to  the  galactic  drcle,  but  a  careful  comparison 
of  their  position  does  not  confirm  this.  According  to  Sirs  W.  and 
J.  Henchel,  the  nebul»  prevail  most  around  the  following  parts  of 
the  celestial  sphere :  — 

t  The  North  GaUctle  Pole.  5  Canes  Venaticl. 

%  Leo  miijor.  6  Coma  Berenid. 

3  Leo  mhior.  7  BoStet  (precedinglj). 

4  Uru  m^ior.  8  Virgo  (heed,  wing*  and  thoulder). 

The  parts  of  the  heavens,  on  the  other  hand,  where  they  are  found 
in  the  smallest  numbers,  are : — 

I  Aries.  7  Draeo. 

t  Tanrua.  8  Hercules. 

3  Orion  (heed  and  shoulders).  9  Serpentarfus  (northern  pert). 

4  Auriga.  10  Serpens  (tall). 

5  Perteut.  II  Aquila  (tail). 

6  Cameloperdus.  la  Lyra. 

In  the  southern  hemisphere  their  distribution  is  more  uniform. 

724.  <9oBatlt«tlaB  of  tlM  Qlnsten  ana  aelnilaB.— What  those 
objects  are,  and  uf  what  they  severally  consist,  admits  of  no  rea* 
Kmable  doubt  So  far  as  relates  to  the  stellar  clusters,  their  con- 
stituent pots  are  visible.  They  are,  as  their  name  imports,  masses 
of  stirs  collected  together  at  certain  points  in  the  regions  of  space 
which  stretch  beyond  the  limits  of  our  own  cluster,  and  are  by  dis- 
tance so  reduced  in  their  visual  magnitude  that  an  entire  cluster 
will  appear  to  the  naked  eye,  if  it  be  visible  at  all,  as  a  single  star, 
and  when  seen  with  the  telescope  will  be  included  within  the  limi 
of  a  single  field  of  view. 

Difeent  clusters  exhibit  their  component  stars  seen  with  the 
same  magnifying  power  more  or  less  dirtinctly.  This  may  be  ex- 
plained either  by  difference  of  distance,  or  by  the  supposition  that 
they  may  consist  of  stars  of  difierent  real  magnitudes,  and  crowded 
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727.  Tmrmm  Apyareat  and  real  of  tlie  iie1»iilflB.  — Hiett  «4- 

jectB  exiiibit  forms  much  more  yarious  than  those  presented  hft^ 
dosten.  Some  are  circular,  with  more  or  leea  preciaioa  of  oodar. 
Some  are  elliptical,  the  oral  outline  haying  degrees  of  exeestziST 
infinitelj  variouB,  from  one  which  scaicelj  di^rs  from  a  drdft^  'to 
one  which  is  compressed  into  a  form  not  sensibly  diflferent  frcmi  a 
straight  line.  In  short,  the  minor  axis  of  the  ellipees  beais  all  pso- 
portions  to  the  major  axis,  until  it  becomes  a  veiy  small  fiactioB  cf 
the  latter. 

To  infer  the  real  from  the  apparent  forms  of  these  objects  •wrik 
any  certaintf,  there  are  no  sufficient  data.  But  in  the  cs«0  ia 
which  the  bnghtness  increases  rapidlj  towards  the  ceotie,  which 
it  yery  generally  does,  it  may  be  probably  conjectured  that  tibeir 
forms  are  globular  or  spheroidal,  for  the  reasons  alreadj-  expkinec 
in  relation  to  the  clusters,  and  this  becomes  the  more  piobabl^ 
when  it  is  considered  that  these  nebulae  are  in  fiict  dusters,  th^ 
stars  of  which  are  reduced  to  a  nebulous  patch  by  distance. 

Neyertheless,  these  nebuln  may  be  strata  of  stars,  of  i^hidi  tlte 
thickness  is  small  compared  with  their  other  dimensions ;  and  sup- 
posing their  real  outline  to  be  circular,  they  will  appear  ^liptical 
if  the  plane  of  the  stratum  be  inclined  to  the  yisnal  line,  and  nua^ 
or  less  excentrically  elliptical,  according  as  the  angf  e  of  indina- 
tion  is  more  or  less  acute.  In  cases  in  which  the  brightness  doee 
not  increase  in  a  striking  degree  from  the  edges  inwards,  tliis  fionn 
is  more  probable  than  the  globular  or  the  spheroidal. 

Nebulffi  may  be  conyeniently  classed  according  to  their  ^parmt 
form  and  structure ;  but  whateyer  arrangement  may  be  adopted, 
these  objects  exhibit  such  yarieties,  assume  such  capricious  and 
irregular  forms,  and  imdergo  such  strange  and  unexpected  changes 
of  appearance  according  to  the  increasing  power  of  the  tele- 
scope with  which  they  are  yiewed,  that  it  will  always  be 
found  that  great  numbers  of  them  will  remain  unayoidably  un- 
classified. 

728.  aouble  aebalsB. — ^Like  indiyidual  stars,  nebuhe  are  found 
to  be  combined  in  pairs  too  frequently  to  be  compatible  with  the 
supposition  that  such  combonations  arise  from  the  fortuitous  results 
of  the  small  obliquity  of  the  visual  rays,  which  causes  mere  optical 
juxtaposition. 

These  double  nebidflB  are  generally  circular  in  their  apparenty 
and  Hherefore  probably  globular  in  their  real  form.  In  some  cases 
they  are  resolvable  dusters. 

That  such,  pairs  of  clusters  are  physically  connected  does  not 
adtai^^f  "a'Teasoiiabto  ddubt^  mid'  it  is  highly  probable  that,  like 
the  boMry  fettos,  they'mdye  rdtimrf  eBxM^tfQk^f-^tTfM&U'c^tttmm 
centre  of  attraction,  although  the  apparent  motion  attendb^  tfodi 
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reirolution  is  rendered  so  dow  by  th^r  immense  distance  that  it 
caz*  only  be  ascertained  alter  the  lapse  of  ages. 

'Jtg*  Manetary  nebiilfl*. —  This  class  of  objects  derive  their 
xiaxue  from  their  close  resemblance  to  planetaiy  disks.  Thej  are 
in  general  either  circular  or  very  slightlj  ovaL  In  some  cases  the 
disk  is  sharply  defined,  in  others  it  is  haiy  and  nebulous  at  the 
edgpes.  In  some  the  disk  shows  a  uniform  surface,  and  in  some  it 
liA0  on  appearance  which  Sir  J.  Heischel  describes  by  the  tenn 
ctmnJOed. 

There  is  no  reason  to  doubt  that  the  constitution  of  these  objects 
IB  the  same  as  that  of  other  nebulie,  and  that  they  are  in  hct 
clusters  of  stars  which  by  mutual  proximity  and  yaat  distance  are 
reduced  to  the  form  of  planetaiy  disks. 

These  objects,  which  are  not  numerous,  present  some  remarkable 
peculiarities  of  appearance  and  colour.  It  has  been  already  ob- 
served that,  although  the  companion  of  a  red  individual  of  a  double 
star  appears  blue  or  green,  it  is  not  certain  that  this  is  its  real 
colour,  the  optical  effect  of  the  strong  red  of  its  near  neighbour 
being  such  as  would  render  a  white  star  apparently  blue  or  green, 
and  no  example  of  any  single  blue  or  green^  star  has  ever  been 
fritnessed.  The  planetaiy  nebulfe,  however,  present  some  very 
remarkable  examples  of  these  colours.  Sir  J.  Herschel  indicates  a 
beautiful  instance  of  this,  in  a  planetary  nebula  situate  in  the 
southern  constellation  of  the  Cross.  The  apparent  diameter  is 
1 2,'%  and  the  disk  is  nearly  circular,  with  a  weU-defined  outline, 
and  a  ''  fine  and  full  blue  colour  verging  somewhat  upon  green.'^ 
Several  other  planetaiy  nebul»  are  of  a  like  colour,  but  more  faint 
The  magnitudes  of  ^ese  stupendous  masses  of  stars  may  be  con* 
jectured  horn  their  probable  distances.  One  of  the  largest,  and 
therefore  probably  the  nearest  of  them,  is  situate  near  the  star  /j  Urs«» 
majoris  (one  of  the  pointers).  Its  apparent  diameter  is  i'  \<^'. 
Now,  if  this  were  only  at  the  distance  of  61  Cygni,  whose  parallax 
is  known  (171),  it  would  have  a  diameter  equal  to  seven  times 
that  of  the  extreme  limit  of  the  solar  system ;  but  as  it  is  certain 
that  its  distance  must  be  many  times  greater,  it  may  be  conceived 
that  its  dimensions  must  be  enormous.  r- 

750.  AamHar  nebiUsB. — A  very  few  of  the  nebulss  have  bem 
obeyed  to  be  annular.  Until  lately  there  were  only  four.  GRie 
telescopes  of  Lord  Rosse,  have,  however,  added  ^-^^  to  the  number, 
by  showing  that  certain  nebulse  formerly  supposed  to  be  small  roUnii 
patches  are  really  annular.  It  is  extremely  probable  that  mitti^ 
others  of  the  smaller  class  of  round  nebulse  will  prove  t^-tle 
annular,  when  submitted  to  further  examination  with  telescopes  «f 
adequate  power  and  efficiency.  >  *  <> 

731.    Spiral  aebnlss.— The  disoovexy  of  this  class  of  objeoiti^ 
VF  a 
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the  most  extraordinary  and  unexpected  which  modem 
hA8  yet  disclosed  in  stellar  astronomy^  is  due  to  Lord  Roase.  ThtS 
general  form  and  character  may  be  conceived  by  referrizig  to  thcet 
represented  in  Plate  XXXIIL^#.  2  and  6,  and  Plate  XXX  V,^  h 
These  extraordinary  forms  are  so  entirely  remoTed  from  all  asalogr 
with  any  of  the  phenomena  presented  either  in  the  motiooe  of  ^ 
solar  system,  or  the  comets,  or  those  of  any  other  objects  to  vhict 
observation  has  been  directed,  that  all  conjecture  ae  to  the  pbrdc^ 
condition  of  the  masses  of  stars  which  could  assume  sudi  farca 
would  be  vain.  The  number  of  instances  as  yet  detected  in  whic^ 
this  form  prevails  is  not  great;  bi\t  it  is  sufficient  to  prove  that 
the  phenomenon,  whatever  be  its  cause,  is  the  result  of  the  4^ieKi- 
tion  of  some  general  law.  It  is  pretty  certain  that  when  the  aaate 
powerftil  instruments  which  have  rendered  these  fanns  Tiable  a 
objects  which  had  already  been  so  long  under  the  scratiOT  of  the 
most  eminent  observers  of  the  last  hundred  years,  including'  Sir  W. 
and  Sir  J.  Herschd,  aided  by  the  vast  telescopic  powers  at  th«rir 
disposition,  without  raising  even  a  suspicion  of  their  real  form  sod 
structure,  have  been  applied  to  other  nebulee,  other  cases  of  th^ 
same  phenomenon  will  be  brought  to  light  In  this  point  of  Tiew 
it  is  much  to  be  regretted  that  the  telescopes  of  Lord  Bosse  camoi 
have  the  great  advantage  of  being  used  under  skies  more  fitToor^ 
able  to  stellar  researches,  since  the  discoveiy  of  such  foims  as  these 
not  only  requires  instruments  of  such  power  as  Lord  Bosse  alooe 
possesses  at  present,  but  also  the  most  favourable  atmoflphejic 
conditions. 

732.  JTnmber  of  nebnlss.  —  The  number  of  these  objects  is 
countless.  The  catalogues  of  Sir  J.  Hersoh^l  contain  above  4000. 
of  which  the  places  are  assigned,  and  the  magnitudes,  fannSf  and 
apparent  characters  described.  As  observers  are  multipliedy  and 
the  telescope  improved,  and  especially  when  the  means  of  obaer- 
vatioQ  have  been  extended  to  places  that  are  more  £&vonrable  §sx 
such  observations,  it  may  be  expected  that  the  number  observed 
will  be  indefinitely  augmented. 

733.  memarkaMe  aobalss. — Having  noticed  thus  briefly 
the  characters  and  appearances  of  the  principal  classes  of  these 
objects,  it  will  be  useful  to  illustrate  these  general  observations  by 
reference  to  examples  of  nebulie  and  clusters  of  each  daas,  assign- 
ing the  position  of  each  by  its  right  ascension  and  north  polar 
distanbs,  and  supi^ying,  wherever  it  can  be  done  on  satisfiicto^ 
authority,  a  telescopic  view  of  such  object  In  the  selection  oi 
these  examples,  it  will  bs  one  <^  our  chief  purposes  to  show  tiie 
extraordinary  differences  of  form  and  stmctore  which  the  same 
object  presents  when  viewed  with  telescopes  of  difierent  powera 
The  drawings  of  the  same  nebulsB,  which  have  appeared  in  the 
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IWlosophical  Transactions,  by  Sir  J.  Herschel  and  the  Earl  of 
Hoase,  supply  numerous  and  instructiye  examples  of  this. 

Plate  XXX. /^.  6.  K  a  1 5**  30"  37«.  n  p  d  83*^  33'.  Diameter, 
9*  s  ▲.  —  Drawn  by  Sir  J.  Herschel,  who  describes  it  as  a  faint 
la2^  round  nebula,  which,  by  attentive  examination,  may  be  seen 
to  be  composed  of  excessiyely  minute  stars,  appearing  like  points 
rubbed  out.    It  is,  in  fact,  a  globular  cluster. 

Plate  XXXI.  fff,  2.  B  A  2i»>  26'«  13«.  n  p  d  91^  26'.  Dia- 
meter, 6*  R  A. — Drawn  by  Sir  J.  Herschel,  who  describes  it  as  a  most 
superb  cluster  of  stars  of  the  1 5th  magnitude,  compressed  towards 
the  centre  to  a  perfect  blaze.  It  resembles  a  mass  of  fine  lumi- 
nous sand.  It  is  resolvable  with  a  six-inch  aperture.  The  stars 
just  visible  with  a  nine-inch  aperture  (reflector). 

Plate  XX^I.  Jiff,  i. — The  same  object  as  shown  by  the  larger 
telescope  of  the  Earl  of  Rosse.  Lord  Rosse  thinks  that  no  in- 
creased power  is  likely  to  alter  materially  its  appearance.  It 
would  merely  render  the  component  stars  brighter  and  less  closely 
crowded. 

Plate  XXXn.^.  2.  B  A  s*'  26'"  P.  N  p  D  68**  5'.  Length  4', 
breadth  3',  oval  fomL  — A  fine  object    (Sir  J.  HeischeL) 

Plate  XXXII.  Jiff.  I. — The  same  object. as  shown  by  Lord 
Roese's  telescope.  A  considerable  change  of  appearance  is  here 
produced  by  increased  power,  the  oval  resolvable  nebula  being 
changed  into  what  the  drawing  represents.  It  is  studded  with 
stars  mixed  with  a  nebulosity,  which  a  still  higher  power  would 
evidently  resolve  into  stars. 

Plate  XXXIIL^.  5.  b  a  13*  23-  53-.  »pd  42**  5'.  —This 
ia,  in  many  respects,  one  of  the  most  remarkable  and  interesting  of 
^ts  class,  and  has  been  submitted  to  elaborate  examination  by  all 
the  eminent  observers.  The  distance  of  the  centre  of  the  small 
nebula  horn  that  of  the  large  one,  is  given  by  Messier  as  4'  35'', 
which  may  serve  as  a  modulm  for  its  other  dimensions.  It  was 
described  by  Sir  W.  Herschel  as  a  bright  round  nebula,  surrounded 
by  a  halo  or  glory,  and  attended  by  a  companion.  Sir  J.  Herschel 
observed  this  object,  and  represented  it  as  in  the  figure.  He 
noticed  the  partial  division  of  the  ring  as  if  it  were  split,  as^ts 
most  remarkable  and  interesting  feature,  and  inferred  that,  sup- 
posing it  to  consist  of  stars,  the  appearance  it  woidd  present  to  an 
observer,  placed  on  a  planet  attached  to  one  of  them  excentrioally 
situate  towards  the  north  preceding  quarter  of  the  central  mass, 
would  be  exactly  similar  to  that  of  the  milky  way  as  seen  from  the 
earth,  traversing  in  a  manner  precisely  similar  the  firmament  of 
laige  stars,  into  which  the  central  cluster  would  be  seen  projected, 
and  (o^dng  to  its  greater  distance)  appearing  like  it  to  consist  of 
stars  much  smaller  than  those  in  other  parts  of  the  heavens. 
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"<  Can  it  be,"  asks  Sir  J.  Henchel,  "^  that  we  hare  here  a  brother 
system,  bearing  a  real  ph3r8ical  resemblance  and  strong  analogy  d 
stnictore  to  our  own  P  "  Sir  J.  Herschel  farther  argues,  that  all 
idea  of  symmetry  caused  by  rotation  must  be  relinquished,  con- 
sidering that  the  elliptical  form  of  the  inner  subdiTided  portion 
indicates  with  extreme  probability  an  elevation  of  that  part  abore 
the  plane  of  the  rest ;  so  that  the  real  form  must  be  that  of  a  ring 
split  through  half  its  drcumferenoe,  and  having  the  ^lit  portions 
set  asunder  at  an  angle  of  45^. 

Plate  XXXTTT.  Jig.  2. — The  same  object  as  shown  by  Lccd 
Rosse's  telescope.  TioB  shows,  in  a  striking  manner,  how  entirely 
the  appearances  of  these  objects  are  liable  to  be  varied  bj  the  in- 
creased magnifying  power  and  greater  efficiency  of  ihe  telescope 
through  which  they  are  viewed.  It  is  evident  that  veiy  little  resem- 
blance or  analogy  is  discoverable  between^.  2.  tndJSff.  5.  hard 
Rosee,  however,  says  that  if  Sir  John  Herschd's  be  placed  as  it  would 
be  seen  with  a  Newtonian  telescope,  the  bright  convolutions  <^the 
spiral  shown  in  his  own  would  be  recognised  in  the  i^peazance 
which  Sir  J.  Herschel  supposed  to  be  that  which  would  be  produced 
by  a  split  or  divided  ring.  Lord  Rosse  farther  observes  Uiat,  with 
each  increase  of  optical  power,  the  structure  of  this  object  becomes 
more  complicated  and  more  unlike  anything  which  could  be  supposed 
to  be  the  result  of  any  form  of  dynamical  law  of  which  we  find  a 
counterpart  in  our  system.  The  connection  of  the  companion  with 
tiie  principal  nebula,  of  which  there  is  not  the  least  doubt,  and 
whidi  is  represented  in  the  sketch,  adds,  in  Lord  Rosse's  opinion, 
if  possible  to  the  difficulty  of  forming  any  conceivable  hypothesis 
That  such  a  system  should  exist  without  internal  movement  he  con- 
siders in  the  last  degree  improbable.  Our  conception  may  be  aided, 
by  uniting  with  the  idea  of  motion  the  efiects  of  a  resisting  medium ; 
but  it  is  impossible  to  imagine  such  a  system  in  any  point  of  view 
as  a  case  of  mere  statical  equilibrium.  Measurements  he  therefore 
considers  of  the  highest  interest,  but  of  great  difficulty. 

Plate  XXXY.  Jig.  i.— This  object  is  the  99th  in  Mesrier^ 
catalogue.  The  spiral  form  of  the  nebula,  represented  in  Plate 
XXX  ITT.  ^.  2,  was  discovered  by  Lord  Rosse  in  the  early  part  <^ 
1 845.  In  the  spring  of  1 846,  that  represented  in  the  present  figure 
was  discovered.  The  spiral  form  is  here  also  presented,  but  of  a 
different  character.  Lord  Rosse  conjectures  that  the  nebule  Nos. 
2370  and  3239  of  Herschel's  southern  catalogue,  are  veiy  probably 
objects  of  a  similar  character.  As  Herschel's  tdescope  did  not  reveal 
any  trace  of  the  form  of  this  nebula,  it  is  not  surprising  that  it  did 
not  disclose  the  spiral  form  presumed  to  belong  to  the  others,  and  it 
is  not  therefore  unreasonable  to  hope,  according  to  his  Lordship,  that 
whenever  the  southern  hemisphere  shall  be  re-examined  with  in- 
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fltroments  of  greater  power,  these  two  remarkable  nebuln  will  yield 
aome  interestmg  reeults. 

Lord  Rofise  has  discovered  other  spiral  nebtdsB;  but  they  are 
comparatiyely  difficult  to  be  seeu^  and  the  greatest  powers  of  the 
instnimexit  are  required  to  bring  out  the  details. 

Plate  XXXIV.^.  2.  ea9»»24'"  15».kpd  67**  53'.  Length  3'. 
— This  is  described  by  Sir  John  Herschel  as  a  veiy  bright  extended 
nebula,  with  an  approach  to  a  second  nucleus,  which,  however,  is 
veiy  hint, 

Plate  XXXm.^.  6. — ^The  same  object  as  shown  by  Lord  Rosse's 
telescope.  This  object  was  first  observed  with  the  great  telescope, 
on  the  24th  of  Mardi,  1 846,  when  a  tendency  to  an  annular  or  ^iral 
form  was  discovered.  On  tiie  9th  of  March,  1 848,  in  more  fftvour- 
able  weather,  the  spiral  fonn  was  distinctly  seen  in  an  oblique  direc- 
tion. Thenebula  was  well  resolved,  particularly  towards  the  centre, 
where  it  was  very  bright 

Plate  XXXni^.  1.  KA22*57-55'.NPD78*'26'.  Length 
2%  breadth  3c/'.— Described  by  Sir  John  Herschel  as  pretty  bright 
and  resolvable,  and  extended  between  two  small  stars,  having  two 
Yeary  small  stars  visible  in  it. 

Plate XXXIV.  Jig.  i.— The  same  object  as  seen  in  LordRosse's 
telescope.  It  was  frequently  observed,  both  by  Lord  Rosse  himself 
and  several  of  his  friends,  and  the  drawing  represents  the  form  with 
great  accuracy.  It  was  doubtful  whether  the  form  was  strictly 
spiral,  or  whether  it  was  not  more  properly  annular. 

Plate  XXXV. ^.  2.   R  A  i»''25"»  ^T-  n  p  d  60**  4'.    Dimencdona 
uncertain,  but  the  diffiised  nebul®  estimated  as  extending  through 
1 5'. — This  object  has  been  the  subject  of  observation  by  all  the 
eminent  observers.    Sir  John  Herschel  describes  it  as  enormously 
large,  growing  very  gradually  brighter  towards  the  middle,  and 
having  a  star  of  the  12th  magnitude,  north,  following  the  nucleus, 
and  being  characterised  by  irregularities  of  light,  and  even  by  feeble 
subordinate  nuclei  and  many  small  stars.    The  drawing  represents 
it  as  seen  with  the  more  powerful  telescope  of  Lord  Rosse.    A  ten- 
dency to  a  spiral  form  was  distinctly  seen  on  the  6th,  1  oth,  and  1 6tli 
ofSeptember,i849.  The  brightest  ofthespiralarmswas  that  marked 
a,  that  marked  t  was  pretty  bright,  but  short;  0  was  distinct,  and  t| 
only  suspected ;  the  branch  y  was  feint     The  whole  object  was  in- 
volved in  a  faint  nebulosity,  which  probably  extends  past  aeveral 
knots  which  lie  about  it  in  different  directions. 

Plate XXXrV.^.  3.  r  a  7»»  16-  4r.  w  p  d  6o*»  1 5'.— ThiB  is 
described  by  Sir  John  Herschel  as  a  curious  bright  double  or  an 
elongated  bicentral  nebula. 

Plate  XXXIV.^.  4. -The  same  object  as  shown  by  Lord  Ro^^^^ 
(eleacope,  on  the  22nd  of  December,  1 848.   A  bright  star  was  viai\ji^ 
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between  the  nebulse  {h)m  which  tails  and  curved  filaments  iasoed. 
The  existence  of  an  annulus  surrounding  the  two  nebulss  wma  aas- 
pected. 

Plate  XXXV. ^.  14.  E  a  ii*' ii*  36«.  K  P  D  76'' 9'.  Leogik 
4'. — Described  by  Sir  John  Herschel,  as  large,  elliptical  in  form, 
with  a  round  nucleus,  and  growing  gradually  brighter  towaida  ih& 
middle. 

Plate  XXXV.Jiff,  3. — The  same  object  as  shown  by  Lord  RoeseV 
telescope,  on  the  31st  of  March,  1848.  Described  as  a  cnricms 
nebula,  nucleus  resolvable,  having  a  spiral  or  amnilur  arrangement 
about  it.  It  was  also  observed  with  the  same  results  on  the  1 8t  and 
3rd  of  April. 

Plate  XXXV. ^.  5.  k  a  1 5«»  2"  38'.  hpd33**42'.  Length 
50''.  Breadth  20'^ — This  nebula  was  not  figured  by  Sir  John 
Herschel,  but  is  described  by  him  as  an  object  veiy  brighty  and 
growing  much  brighter  towards  the  middle.  The  dntwing,  J^.  5, 
represents  the  object  as  seen  in  Lord  Rosse's  telescope,  in  April 
1848.  It  is  described  by  Lord  Rosse  as  a  very  bright  reaolT^e 
nebula,  but  that  none  of  the  component  stars  could  be  distinctly  seoi 
even  with  a  magnifying  power  of  1 000.  A  perfectly  straight  longi- 
tudinal division  appears  in  the  direction  of  the  major  axis  of  the 
ellipse.  ResolvabUity  was  strongly  indicated  towaids  the  nucleus. 
According  to  Lord  Rosse,  the  proportion  of  the  major  axis  to  the 
minor  axis  was  8  to  i ;  much  greater  than  the  estimate  of  Sir  John 
Herschel. 

Plate  XXXV. ^.  10.  B  a  12*  35-  zV.  K  p  d  56^  +i'-— 
Described  by  Sir  John  Herschel  as  a  nebula  of  enormous  length, 
extending  across  an  entire  field  of  1 5^,  the  nucleus  not  being  well 
defined.  It  was  preceded  by  a  star  of  the  tenth  magnitude,  and 
that  again  by  a  small  faint  round  nebula,  the  whole  forming  a  fine 
and  very  curious  combination. 

Plate  XXXV.  ^.  4.  —  The  same  object  as  shown  by  Lord 
Rosse's  telescope  on  the  1 9th  of  April,  1 849.  The  drawing  is  stated 
to  be  executed  with  great  care,  and  to  be  very  accurate.  A  most 
extMordinary  object,  masses  of  light  appearing  through  it  in  knots. 

Plate  XXXrV. ^.  9.  k  A  6»»  31"  36».  kp  d  81*  8'.  — De- 
scribed by  Sir  John  Herschel  as  a  star  of  the  1 2th  magnitude, 
with  a  bright  cometic  branch  issuing  firom  it,  60^  in  length, 
forming  an  angle  of  60^  with  the  meridian,  passing  through  it 
The  star  is  described  as  ill  defined,  the  apex  of  the  nebula  coming 
exactly  up  to  it,  but  not  passing  it. 

Plate  XXXrV.  Jiff.  6.  —  The  same  object  as  seen  with  Lord 
Rosse^s  telescope  on  the  i6th  of  January,  1850.  Lord  Rosse  oh* 
served  that  the  two  comparatively  dark  spaces,  one  nea:^  the  apex 
and  the  other  near  the  base  of  the  oone,  are  vexy  remarkable. 
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Plate  XXXm.  fig,  3.  B  A  1 1*  6"  34-.  N  p  d  34**  14'  Dia- 
meter 1 9*  of  time  in  r  a. — ^Described  by  Sir  John  Heiscbel  as  a  large 
iiniform  nebulous  disk,  very  bright  and  perfectly  round,  but  sharply 
defined,  and  yet  very  suddenly  ^ding  away  into  darkness.  A  most 
extraordinary  object 

Plate  XXXIIL^.  4. — The  same  object  as  shown  by  Lord 
Kosse's  telescope.  Two  stars  considendbly  apart,  seen  in  the 
central  part  of  the  nebula.  A  dark  penumbra  around  each  spiral 
anangement  with  stars  as  apparent  centres  of  attraction.  Stars 
sparldmg  m  it  and  in  the  nebula  resolvable.  Lord  Roese  saw 
two  laige  and  very  dark  spots  in  the  middle,  and  remarked  that 
all  round  its  edge  the  sky  appeared  darker  than  usual. 

Plate  XXXV. ^.11.  ea7'»35«23».  kpd  104*^24'.  Diar 
meter  3"75  of  time.  —  Described  by  Sir  John  Herschel  as  a 
planetary  nebula,  of  a  faint  equal  Ught,  and  exactly  round,  having 
a  very  minute  star  a  little  north  of  the  centre.  Very  velvety  at 
the  edges.  In  the  telescope  of  Lord  Boese,  however,  it  appears  as 
an  annular  nebula  as  represented  in  the  figure,  with  two  stai-s 
within  it 

Plate  XXXV.  fig,'],  b  A  23'*  19-  3«.  K  p  d  48**  14'.  Dia- 
meter 12". — Figured  by  Sir  John  Herschel,  who  describes  it 
as  a  fine  planetary  nebula.  With  a  jtower  of  240  it  was  beauti- 
fully defined,  light,  rather  mottled,  and  the  edges  the  least  in  the 
world  unshaped.  It  is  not  nebulous,  but  looks  as  if  it  had  a 
double  outline,  or  like  a  star  a  little  out  of  focus.  It  is  perfectly 
circular. 

Plate  XXXV. ^.  6. — ^The  same  object  as  shown  inl^ord  Rosse's 
telescope,  on  the  1 6th —  1 9th  of  December,  1 848.  A  central  dark 
spot  surrounded  by  a  bright  annulus. 

Hate  XXXV.  ^.9.  B  A  20*  56-  28'.  N  p  D  loi^  55'. 
Diameter  10"  to  \z"  according  to  Herschel,  but  25''  by  if*  ac- 
cording to  Strove,  who  gives  it  a  more  oval  form. —  This  figure  is 
that  given  by  Sir  John  Herschel,  who  describes  it  as  a  fine 
planetary  nebula  with  equable  light  and  bluish  white  colour. 

Plate  XXXV.  fig,  8.  —  The  same  object  as  shown  by  Lord 
Rosse's  telescope.  Like  a  globe  surrounded  by  a  ring  such  as  that 
of  Saturn,  the  usual  line  being  in  the  plane  of  the  ring. 

Plate  XXXV.^.  13.  b  a  7*'  20-  55«.  ir  p  d  68**  48'.—  De- 
scribed by  Sir  John  Herschel  as  a  star  exactly  in  the  centre  of  a 
bright  circular  atmosphere  25''  in  diameter,  the  star  being  quite 
stellar,  and  not  a  mere  nucleus,  and  is  a  most  remarkable  object 

Plate  XXXV.  ^.  12. — The  same  object  as  shown  by  Lord 
Ropse's  telescope  on  the  20th  of  February,  1 849 ;  described  by 
him  as  a  most  astonishing  object    It  was  examined  in  January 
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1 850,  with  powers  of  700  and  900,  when  both  the  dark  and  luifht 
rings  seomed  unequal  in  breadth. 

Plate  XXXV.  Jig.  1$.  ^  ^  S^  ^8-  35-.  k  p  d  96«>  1'.— Tie 
star  I  Ononis  involved  in  a  feeble  nebula  3 'in  diameter*  (^r  J. 
Ilerschel.)  The  drawing  shows  this  as  seen  with  Lord  Rooac'a 
telescope. 

Plate  XXX.  ^.3.  B  A  19*'  53""  27*.  K  p  »  67®  4c/. — I>i«wn 
by  Sir  John  Herschel,  who  describes  it  as  a  nebula  shaped  like  a 
dumb-belly  double-headed  shot^  or  hour-glass,  the  elliptic  oatizne 
being  completed  by  a  more  feeble  nebulous  light  The  axis  d 
symmetry  through  the  centres  of  the  two  chief  masses  indined  at 
30^  to  the  meridian.  Diameter  of  elliptic  light  from  t'  to  8'. 
Not  resolvable,  but  four  stars  are  visible  on  it  of  the  iith^  1 3lhy 
and  14th  magnitude.  The  southern  head  is  denser  than  the 
northern.  This  extraordinary  object  was  also  observed  by  Sir  W. 
Her^chel,  who  recognised  the  same  peculiar  form.  Sir  J.  Hersdiei 
considers  that  the  most  remarkable  circumstance  attending  it  ia  the 
faint  nebulosity  which  fills  up  the  lateral  concavitieB  of  ita  fbzm, 
and  in  fact  converts  them  into  protuberances,  so  as  to  render  the 
whole  outline  a  regular  ellipse,  having  for  its  shorter  axia  the 
common  axis  of  the  two  bright  masses.  If  it  be  regarded  aa  a 
mass  in  rotation,  it  is  around  this  shorter  axis  it  must  revohre.  In 
that  case,  he  considers  iha,t  its  real  form  must  be  that  of  an  oblate 
spheroid ;  and  aa  it  does  not  follow  that  the  brightest  portiona  must 
be  of  necessity  the  densest,  this  supposition  would  not  be  incom- 
patible with  dynamical  laws,  at  least  supposing  its  parts  to  be 
capable  of  exerdng  pressure  on  each  other.  But  if  it  conaiet  of 
distinct  stars  this  cannot  be  admitted,  and  we  must  then  have 
recourse  to  other  suppositions  to  account  for  the  maintenance  of 
its  form.  Sir  John  Herschel;  it  will  be  observed,  failed  to  resolve 
this  nebula. 

Plate  XXXVI.  Jig,  i. —  The  same  object  as  shown  by  the  tele- 
scope of  Lord  Rosse,  three  feet  aperture,  twenty-seven  feet  focal 
length. 

Plate  XXX.  Jig,  i. — The  same  object  as  shown  with  the  great 
telescope  of  Lord  Kosse,  six  feet  aperture,  fifty-three  feet  focal 
length. 

The  difierence  between  these  two  representations  and  that  given 
by  Sir  John  Herschel  of  the  same  object,  will  illustrate  in  a  very 
Ptriking  manner  the  observations  ali«ady  made  on  ihe  efiecta  of 
different  magnifying  and  defining  powers  upon  the  appearance  of 
the  object  under  examination.  These  three  figures  could  scarcely 
be  conceived  to  be  representations  of  the  same  object 

To  explain  the  difierence  observable  between  the  drawing,  Plate 
XXXVI.  Jiff.  1^  made  with  the  smaller  telescope,  and  the  drawing, 
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?late  XXX  fig,  i,  made  with  the  larger  inatmment,  Lord  Roeae 
obaenree,  that  while  the  application  of  a  high  magnifying  power 
'brings  out  minute  stars  not  visible  with  lower  powers,  it  com- 
pletely extinguishes  nebulosity  which  the  lower  powers  render 
irisible.  The  optical  reason  for  this  will  be  easily  perceived ;  the 
cizcumstance  was  nevertheless  overlooked  when  tbe  observations 
-were  made  from  which  the  drawing,  Plate  XXX  VL^.  i  was  taken. 
Only  one  magnifying  power,  and  that  a  very  high  one,  was  used 
on  that  occasion,  the  consequence  of  which  was  that,  although  the 
two  knobs  of  the  dumb-bell  were  more  fully  resolved,  the  nebulous 
matter  filling  the  intermediate  space,  which  Herschel  considered 
to  be  the  most  remarkable  feature  of  this  nebula,  was  entirely 
extinguished  in  the  optical  image.  K  on  that  occasion  a  seccmd 
eye-piece  had  been  used  of  lower  power,  the  intermediate  nebulous 
matter  would  have  been  seen  as  represented  in  the  drawing,  and 
the  drawing  would  be  as  perfect  as,  and  nearly  identical  with, 
that  obtained  with  the  greater  telescope,  Plate  XXX  ^.  i,  a  lower 
power  being  used. 

It  will  be  observed  that  the  general  outline  of  this  remarkable 
object,  which  is  so  geometrically  exact  as  seen  with  the  inferior 
power  used  by  Sir  John  Herschel,  is  totally  efiaced  by  the  applica- 
tion of  the  higher  powers  used  by  Lord  Rosse  and  consequently. 
Sir  John  HerscheVs  theoretical  speculations  based  upon  this  par- 
ticular form  must  be  regarded  as  losing  much  of  their  force,  if  not 
wholly  inadmissible ;  and  this  is  an  example  proving  how  unsafe 
it  is  to  draw  any  theoretical  inferences  from  apparent  peculiarities 
of  form  or  structure  in  these  objects,  which  may  be  only  the  efiect 
of  the  imperfect  impressions  we  receive  of  them,  and  which,  con- 
sequently, disappear  when  higher  telescopic  powers  are  applied. 
The  case  of  the  nebula  represented  in  Plate  XXXin.^«.  2  and  5, 
presents  another  striking  example  of  the  force  of  these  observa- 
tions. 

Plate  XXX.^.  4.  BA  iS**  48'"  19*.  kpd  57°  9'.— This  object, 
drawn  by  Sir  J.  Herschel,  is  the  annular  nebula  between  aj  and  y 
LyrtB.  He  estimates  its  diameter  at  6"  5  of  time.  Theannulusisoval, 
ita  longer  axis  being  inclined  at  57 '^  to  the  meridian.  The  central 
vicuity  is  nd  blacky  but  filled  with  a  nebulous  light.  The  edges 
are  not  sharply  cut  off,  but  ill  defined ;  they  exhibit  a  curdled  aud 
confosed  appearance,  like  that  of  stars  out  of  focus.  He  considers  it 
not  well  represented  in  the  drawing. 

Plate  XXX.  fiff,  2, — The  same  object  as  shown  in  the  tele- 
scope of  Lord  Rosse.  This  drawing  was  made  with  the  smaller 
telescope,  three  feet  aperture,  before  the  great  telescope  had  been 
erected.  The  nebula  was  observed  seven  times  in  1 848,  and  once 
in  1 849.    With  the  large  telescope,  the  central  opening  showed 
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confiiderablj  more  nebuloaity  than  it  appeared  to  hare  with  ^bt 
smaller  instrument  It  was  also  noticed  that  several  small  stars 
were  seen  around  it  with  the  large  instrument  which  did  not 
appear  with  the  smaller  one,  from  which  it  was  inferred  that  the 
stars  seen  in  the  dark  opening  of  the  ring  may  possibly  be  merelT 
accidental;  and  have  no  physical  relation  to  the  nebula.  In  tiic 
annulus  near  the  extremity  of  the  minor  axis,  several  minute  stazt 
were  visible. 

Plate  XXX.  ^.  5.  B  A  13^  30*  29*.  K  p  D  107®  10'. 
Diameter  of  faint  nebula  2'.  Diameter  of  bright  part,  i  o"  or  1 5". 
— Described  as  a  faint  large  nebula,  losing  itself  quite  im^^Brcep* 
tibly  J  a  good  type  of  its  class.     (HerscheL) 

Plate  XXX.  Jl^.  7.  B  A  1 7^  45-  57*.  n  p  d  66**  54'.  Perceptible 
disk  l",op  I "'5  diameter.  Surrounded  by  a  vexy  faint  nebula. 
— A  curious  object    (HerscheL) 

Plate  XXX.  Jig.  S,  B  a  I9»»  41*  y\  n  p  d  39*^  50'.— A  mort 
curious  object  A  star  of  the  nth  magnitude,  surrounded  by  a 
a  very  bright  and  perfectly  round  planetary  nebula  of  imiform 
light  Diameter  in  ba  3**5;  perhaps  a  very  little  hazy  at  the 
edges.    (HerscheL) 

Pkte  XXX  Jig.g.  b a  io»»  30™  4'.  n  p  d  3 5**  46'. —A  bright 
round  nebula,  forming  almost  a  disk  1 5'^  diameter^  surrounded  by 
a  very  feeble  atmosphere.    (HerscheL) 

734.  &«rfe  and*  Irreffnlar  neMUaa.  —  All  the  nebuLe  de- 
acribed  above,  are  objects  generally  of  regular  form  and  subtending 
small  visual  angles.  There  are  others,  however,  of  a  very  different 
character,  whid^  cannot  be  passed  without  some  notice.  These  ob- 
jects cover  spaces  on  the  firmament,  many  nearly  as  extensive  as, 
and  some  much  more  extensive  than,  the  moon*s  disk.  Some  of  tiiem 
have  been  resolved.  Of  those  which  are  larger  and  more  difiusedf 
some  exhibit  irregularly  shaped  patches  of  nebulous  li^t,  afiecting 
forms  resembling  those  of  clouds,  in  which  tracts  are  seen  in  every 
stage  of  resolution,  firom  nebulosity  irresolvable  by  the  largest  and 
most  powerful  telescopes,  to  stars  perfectiy  separated  like  parts  of 
the  milky  way,  and  *^  clustering  groups  sufficientiy  insulated  and 
condensed  to  come  under  the  designation  of  irregular  and,  in  some 
cases,  pretty  rich  dusters.  But  besides  these  there  are  also 
nebulsB  in  abundance,  both  regular  and  irregular;  globular  dusters 
ia  every  state  of  condensation,  and  objects  of  a  nebulous  character 
quite  peculiar,  which  have  no  analogy  in  any  other  part  of  the 
heavens."  • 

735.  mieli  elumt&r  In  tlie  Centavr. — The  star  «  Centauri  pre- 
sents one  of  the  most  striking  examples  of  the  dass  of  large  difiiiaed 

•  Henchel,  ChMine$  of  Attronon^, 
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clusters.  It  is  nearly  round,  and  has  an  apparent  diameter  equal 
to  two-thirds  of  that  of  the  moon.  This  remarkable  object  was 
includea  in  Mr.  Dunlop's  catalogue  (PhU.  Trans.  1828);  but  it  is 
I'jrom  the  observations  of  Sir  John  Herschel  at  the  Cape  that  the 
knowledge  of  its  splendid  character  is  derived.  That  astronomer 
pronounces  it,  beyond  all  comparison,  the  richest  and  largest 
object  of  the  kind  in  the  heavens.  The  stars  composing  it  are 
literally  innumerable  ]  and  as  their  collective  light  affects  the  eye 
hardly  more  than  that  of  a  star  of  the  fifth  magnitude,  the  minute- 
sees  of  each  of  them  may  be  imagined.  The  apparent  magnitude 
of  this  object  is  such  that,  when  it  was  concentric  with  the  field  of 
Sir  J.  Herschel's  20-fL  telescope,  the  straggling  stars  at  the  edges 
were  beyond  the  limit  of  the  field.  Li  stating  that  the  diameter 
is  two-thirds  of  the  moon's  disk,  it  must  be  understood  to  apply  to 
the  diameter  of  the  condensed  cluster,  and  not  to  include  the 
straggling  stars  at  the  edges.  When  the  centre  of  the  cluster  was 
brought  to  the  edge  of  the  field,  the  outer  stars  extended  fully  half 
a  radius  beyond  the  middle  of  it.* 

The  appearance  of  this  magnificent  object  resembles  that  shown  in 
Plate  XXXL^.  i,  only  that  the  stars  are  much  more  densely 
crowded  together^  and  the  outline  more  circular,  indicating  a  pretty 
exact  globe  as  the  real  form  of  the  mass. 

736.  Tbe  great  nebula  in  Orion. —  The  position  of  this 
extraordinary  object  is  in  the  swoid  handle  of  tiie  figure  which 
forms  the  constellation  of  Orion.  It  consists  of  irregular  cloud- 
shaped  nebulous  patches,  extending  over  a  surface  about  40' 
square;  that  is,  one  whose  apparent  breadth  and  height  exceed 
the  apparent  diameter  of  the  moon  by  about  one-third,  and  whose 
supei^cial  magnitude  is  therefore  ratiier  more  than  twice  that  of 
the  moon's  disk.  Drawings  of  this  nebula  have  been  made  by 
several  observers,  and  engravings  of  them  have  been  already  pub- 
lished in  various  works. 

Li  Plate  XXXVU.  is  given  a  representation  of  the  central 
part  of  this  object  The  portion  here  represented  measures 
about  27'  in  length  and  2  5^  in  breadth ;  being  about  one-sixth 
less  than  the  diameter  of  the  moon.  An  engraving  upon  a  very 
large  scale  of  the  entire  extent  of  the  nebula,  with  an  indication  of 
the  various  stars  which  serve  as  landmarks  to  it,  may  be  seen  by 
reference  to  Sir  J.  Herschel's  "  Cape  OhtervaUoMj^  accompanied  by 
the  interesting  details  of  his  observations  upon  it 

Sir  J.  Herschel  describes  the  brightest  portion  of  this  nebula 
as  resembling  the  head  and  yawning  jaws  of  some  monstrous 
animal,  with  a  sort  of  proboscis  running  out  &om  the  snout.    The 

*  Cape  Observation*^  p.  a  I. 
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8tars  scattered  over  it  probably  bave  no  connection  with  it,  and  are 
doubtless  placed  much  nearer  to  our  system  than  the  nebula,  baog 
visuaUy  projected  upon  it  Parts  of  this  nebula,  when  submitt^ 
to  the  powers  of  Lord  Rosse's  telescopes,  show  evident  indicatkms 
of  resolvability. 

737.  Tbe  great  nebvUi  la.  Aivo.  —  This  is  an  object  of  the 
same  class,  and  presenting  like  appearances ;  it  is  diffused  around 
the  star  9  in  the  constellation  here  named,  and  formed  a  special 
subject  of  observation  by  Sir  J.  Herschel  during  his  residenoe  it 
the  Cape.  An  engraving  of  it  on  a  large  scale,  givingall  its  details, 
may  be  seen  in  ike  "  dqte  ObiervatioM."  The  position  of  the 
centre  of  the  nebula  is,  b  a  10**  39*  47»;  N  p  d  148**  38'. 

This  object  consists  of  difiUsed  irregular  nebulous  patches, 
extending  over  a  surface  measuring  nearly  7'  (time)  in  rifht 
ascension,  and  68'  in  declination ;  the  entire  area,  therefore,  hesng 
equal  to  a  square  space  whose  side  would  measure  one  d^;ree.  It 
occupies,  therefore,  a  space  on  the  heavens  about  five  times  greater 
than  the  disk  of  the  moon. 

A  part  of  the  nebula  immediately  surrounding  the  central  star 
is  represented  in  Plate  XXXVI.^.  2.  The  space  here  represented 
measures  about  one-fourth  of  the  entire  extent  of  the  nebula  in 
declination,  and  one-third  in  right  ascension,  and  about  a  twelfth 
of  its  entire  magnitude. 

No  part  of  this  remarkable  object  has  shown  the  least  tendency 
to  lesolvability.  It  is  entirely  compressed  within  the  limits  of 
that  part  of  the  milky  way  which  traverses  the  southern  firmamoit, 
the  stars  of  which  are  seen  projected  upon  it  in  thousands.  Sir  J. 
Herschel  has  actually  counted  1 200  of  these  stars  projected  upon 
a  part  of  this  nebula  measuring  no  more  than  28'  in  declination 
and  32'  in  right  ascension,  and  he  thinks  that  it  is  impoesible  to 
avoid  the  conclusion,  that  in  looking  at  it  we  see  through  and 
beyond  the  milky  way,  far  out  into  space  through  a  starless  region, 
disconnecting  it  altogether  with  our  system. 

738.  KMrellanio  clouds.  —  These  are  two  extensive  nebulous 
patches  also  seen  on  the  southern  firmament,  the  greater  called  the 
nubecula  nutfor,  being  included  between  B  A  4^  40*1  and  6^  o™  and 
K  p  D  156^  and  162^,  occupying  a  superficial  area  of  42  square 
degrees ;  and  the  other  called  the  mtbecuia  minor,  being  included 
between  B  a  o^  28"  and  i*»  1 5"»and  between  w  p  B  162**  and  165®, 
covering  about  10  square  degrees. 

These  nebulaa  consist  of  patches  of  every  character,  some 
irresolvable,  and  others  resolvi^le  in  all  degrees,  and  mixed  wiUi 
clusters,  having  all  the  characters  already  explained  in  the  cases 
of  the  large  difiused  nebulas  described  above.  So  great  is  the 
number  of  distinct  nebuhe  and  clusters  crowded  togetiier  in  these 
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txacks  of  the  finnament,  that  278,  hesides  50  or  60  outliers,  have 
"been  enumerated  by  Sir  J.  Herschel^  within  the  area  of  the  nubecula 
major  alone. 


CHAPTER  XXHL 
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739.  FlaaetaiT  data.  —  Haying  explained  in  a  former  part  of 
the  volume  the  principal  drcomstances  attending  the  physical 
condition  and  motion  of  the  different  bodies  of  the  solar  system,  it 
Temains  to  bring  them  into  juxtaposition,  to  view  them  oollec- 
tivoly,  and  to  supply,  in  tabulated  forms,  those  numerical  data 
which  at  any  given  time  may  assist  in  determining  their  positions 
and  motions. 

We  shall  therefore  give  in  this  condnding  chapter  a  short 
explanation  of  these  data  or  elements,  together  with  a  few  of  the 
methods  which  may  be  useful  in  an  investigation  of  the  movements 
of  the  various  members  of  the  system.  Our  limits,  however,  will 
not  permit  any  lengthened  detail ;  those  of  our  readers  who  desire 
to  enter  more  fully  into  the  mathematical  study  of  the  subject, 
are  therefore  referred  to  those  special  works  on  the  different 
branches  of  the  science  which  have  been  prepared  by  the  principal 
astronomers  of-  England  and  the  Continent. 

Planetary  data  may  be  resolved  into  three  classes :  — 

L  Those  which  determine  the  orbit 

n.  Those  which  determine  the  place  of  the  body  in  the  orbit 

m.  Those  which  determine  the  conditions  which  are  indepen- 
dent of  the  orbit 

In  this  section  we  have  also  inserted  further  explanations  on 
some  important  points,  which  will  doubtless  tend  to  elucidate  the 
respective  subjects. 

I.  Data  which  ddermme  the  fwm,  magnitude,  and  position  of  the 
orbits  of  the  planets, 

740.  rorm  of  tlie  orbit  detarmlned  by  tlie  ezoeatrioltjr. — 

It  is  well  understood  (284)  that  the  form  of  an  ellipse  depends 
on  the  excentricity,  all  eUipees  with  the  same  excentricity,  how- 
ever they  may  differ  in  magnitude,  having  the  same  form. 

Let  a  =the  mean  distance,  c«»  the  distance  of  the  centre  of  the 
orbit  from  the  centre  of  the  sun,  and  0=the  excentricity.  We 
shall  then  have 

i    Lo»..  .^    «=i»  c:=:axe. 
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The  values  ot  «,  in  the 'cases  of  all  the  principal  planet^ 
Mercuiy  excepted^  are  less  than  ^.  In  the  case  of  Mercury  h  k 
about  if  and  in  the  larger  planets  ^\, 

In  the  case  of  the  planetoids,  the  excentricitiee  are  subject  to 
gi'eat  and  exceptional  variation,  amounting  in  the  caise  of  Polv- 
hyninia  to  ^^  whilst  in  that  of  Harmonia  it  amounts  to  about  ^ 

741 .  Magnitade  determined  hy  ■emt-erl*  nu^or.  —  As  the 
excentricity  determines  the  form,  the  semi-axis  determines  the 
magnitude,  of  the  orbit  This  quantity  fonns  in  other  reepeds  a 
very  important  planetary  element,  since  upon  it  is  dependent  the 
periodic  time,  and  consequently  tjie  mean  angular  and  mean  linear 
velocity  in  the  orbit 

742.  Position  of  tlfte  plane  of  tlie  orbit.  —  The  plane  of  th« 
orbit  must  always  pass  through  the  centre  of  the  sun,  which  is 
therefore  the  common  point  at  which  the  planes  of  all  the  planetanr 
orbits  intersect.  But  to  define  the  position  of  the  plane  of  any 
orbit  something  more  is  necessazy.  If  the  plane  of  the  eartb*5 
orbit  be  provisionally  assimied  as  a  fixed  plane,  (which  however  it 
is  not),  the  positions  of  the  planes  of  the  orbits  of  the  planets, 
seveitdly,  with  relation  to  it,  will  be  determined,  ist,  by  the  angle 
at  which  they  intersect  it,  and;  2ndly,  by  the  direction  of  the  line 
of  intersection. 

743.  ZneUnationa  of  tlie  orbits.  —  The  angles  which  l^e 
planes  of  the  orbits  of  the  principal  planets  form  with  the  plane 
of  the  ecliptic,  are  less  than  4^,  excepting  the  planet  Mercuiy, 
whose  orbit  is  inclined  to  the  ecliptic  about  7^  The  planetoids, 
however,  are  very  exceptional,  the  orbit  of  Pallas  having  an  incli- 
nation of  34^^  I  the  inclinations  of  the  others  varying  from  26^  to 
less  than  i^. 

744.  &ine  of  nodes.  —  The  inclination  is  not  enough  to  deter- 
mine the  position  of  the  plane  of  the  orbit,  for  it  is  evident  that 
an  infinite  variety  of  different  planes  may  be  inclined  at  the  same 
angle  to  the  ecliptic  If,  however,  the  direction  of  the  line  of 
intersection  of  the  plane  of  the  orbit  with  the  plane  of  the  ecliptic 
(which  line  must  always  pass  through  the  centre  of  the  sun)  be 
also  defined,  the  position  of  the  plane  of  the  orbit  will  be  deter- 
mined. This  line  of  intersection  is  called  the  ime  ofnodeSf  being  the 
direction  in  lehich  the  nodes  of  the  planefs  orbit  are  seen  from  the 
sun.  If  an  observer  be  imagined  to  be  stationed  at  the  centre  of 
the  sun,  he  will  be  in  this  line,  and  the  nodes  will  be  viewed  by 
him  in  opposite  directions  along  this  line,  the  ascending  node  (293) 
being  viewed  in  one  direction,  and  the  descending  node  in  the 
other. 

745.  &onffitnde  of  asoendinr  node. — It  has  been  customaiy^ 
to  define  the  direction  of  the  line  of  nodes  by  the  angle  which  the 
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lirection  of  the  ascending  node,  seen  from  the  siin,  makes  with  the 
iiiectioii  of  the  <' first  point  of  Aries,"  or,  what  is  the  same,  hj  its 
tieliocentric  longitude. 

The  position  of  the  plane  of  the  orbit  is  therefore  determined  by 
its  utdmaiion  and  the  UmgUude  of  the  Mcendmg  node, 

746.  &onfltiide  of  peiilielioB*  —  These  data,  however,  are 
still  insufficient  to  determine  the  position  of  the  orbit.  They 
'vrould  be  sufficient  if  the  orbit  were  circular,  since  a  circle  is 
sjnunetrical  with  relation  to  its  centre.  But  the  orbit  being  an 
ellipse,  the  majot  axis  may  have  an  infinite  variety  of  different 
directions,  all  of  which  shall  pass  through  the  sun's  centre,  and  all 
of  which  shall  be  in  the  same  plane.  After  defining,  therefore,  the 
position  of  the  plane  of  the  orbit,  it  is  necessary  to  determine  the 
position  of  the  orbit  upon  that  plane,  and  this  is  determined  by  the 
direction  of  its  major  axis,  just  as  the  plane  itself  was  determined 
by  the  direction  of  the  line  of  nodes,  and  as  the  latter  was  deter- 
mined by  the  heliocentric  longitude  of  the  ascending  node ;  the 
position  of  the  6rbit  upon  its  plane  is  determined  by  the  heliocentric 
longitude  of  perihelion  (286). 

747.  Vive  •lemoiits  wbleli  determine  fbe  orbit.  —  The 
orbit  of  a  planet  is  therefore  determined,  in  form,  magnitude, 
and  position,  by  the  five  following  data,  which  are  called  its 

ELE1CE5T8: — 

1.  The  semi-axis,  or  mean  distance  -  -  -  a 

2.  The  excentricity  -  -  -  -  -  e 

3.  The  inclination     -  -  *i  -  -  ♦ 

4.  The  longitude  of  the  ascending  node  -  -  y 

5.  The  longitude  of  perihelion  *-  -  -  «> 

The  excentricity  is  sometimes  expressed  by  the  angle  ^,  of  which 
e  y^  the  sine,  which  is  called  the  ''  angle  of  excentricity.'' 

748.  Blements  snbject  to  slow  Tarlatloa  — Spooh. — If  the 

elements  of  the  orbit  were  invariable,  they  would  be  always  known 
when  once  ascertained.  But  although  for  short  intervals  of  time 
they  may,  without  sensible  error,  be  regarded  as  constant,  some  of 
them  are  subject  to  slow  variations,  which,  after  long  intervals, 
such,  for  example,  as  centuries,  completely  change  the  orbits. 
These  variations  have  been  calculated  with  surprising  precision, 
and  are,  moreover,  found  to  be  periodical,  although  their  periods 
are  in  general  of  such  magnitude  as  to  surpass  not  only  the  limits 
of  human  life,  but  those  of  all  human  record. 

Since,  therefore,  the  planetary  orbits  are  thus  subject  to  a  slow 
but  constant  change,  it  is  necessary  in  assigning  their  elements  to 
assign  also  the  date  at  which  the  orbits  had  these  elements.  When 
the  rates  at  which  the  elements  seveiully  vaiy  Are  known,  their 

Q  e 
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Talues  at  any  assi^ed  date  being  prm, 
their  valuet  at  any  other  date,  anterior  a 
posterior^  can  be  determined. 

The  date  at  which  the  elenaenta  of  fte 
oibits  have  had  the  values  assigned  ts 
them  is  technically  called  the  bpoch. 

749.  Mean  dlstanoes  or  Uie  ] 
— In  Table  I.  at  the  end  of  this  chapter, 
the  mean  distances  of  the  planets  are 
given,  that  of  the  Earth  being  unity.  The 
planets  will  be  found  in  this  table  ar- 
ranged in  the  order  of  their  mean  dis- 
tances from  the  sun ;  the  reader  can  thw 
see  at  a  glance  the  relative  position  in 
the  solar  system  of  each  member  of  tbe 
planetary  group,  with  the  exception  onlj 
of  Vulcan,  which  though  believed  by  maoy 
to  have  a  real  existence,  is  not  yet  suf- 
ficiently recognised  to  be  incorporated  in  a 
synoptical  table  of  the  established  planet& 

In  Table  IL  the  distances  of  the  planets 
from  the  sun  and  earth  are  given  in  mH- 
lions  of  miles. 

To  illustrate  the  relative  mean  distances 
of  the  planets  irom  the  sun,  and  from  eadi 
other,  we  have  delineated,  nearly  in  their 
proper  proportions,  the  mean  distances  of 
the  principal  planets,  and  the  planetoids 
or  asteroids,  in^.  103. 

n.  Data  to  determme  ike  place  of  (Me 
planeL 

750.  By  fbe  epoeli  and  tlie  maaB 
aally  mattoB. — The  orbit  being  defined 
in  magnitude,  form,  and  position,  it  is  ne- 
cessary to  supply  the  data  by  which  the 
position  of  the  planet  in  it  at  any  assigned 
time  may  be  found.  It  will  be  sufficient 
for  this  to  assign  the  position  which  the 
planet  had  at  ^e  epoch,  and  the  periodic 
time,  from  which  the  mean  daily  motion 
of  the  planet  can  be  inferred.  By  means 
of  tills  motion,  the  mean  place  of  the 
planet  for  any  given  time  anterior  or  pos- 
terior to  the  epoch  can  be  determined. 
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751.  Tbe  equation  of  fbe  oontro. — To  find  the  true  place  of 
tiie  planet  a  further  correction,  however;  is  necessaiy.  The  angular 
veiocitj  of  the  planet  referred  to  the  sun  is  not  uniform,  being 
greatest  at  perihelion  and  least  at  aphelion.  The  difference  be- 
tween the  position  which  the  planet  would  haye,  as  seen  from  the 
sun,  if  its  angular  motion  were  tmiform  and  that  which  it  actually 
hsu%y  IB  called  the  ''equation  of  the  centre,^*  and  tables  are  computed 
by  ^vrbich  this  correction  for  each  planet  may  be  made,  so  that,  the 
mean  place  of  the  planet  in  its  orbit  being  determined,  the  true 
place  may  be  found. 

752.  Sidoroal  and  eqnlaosial  periods.  —  The  sidebbal 
PERIOD,  or  the  time  which  the  planet  takes  to  make  a  complete 
revolution  round  the  sun^  will  be  found  in  the  table  of  the  principal 
elements. 

If  the  equinoxial  points  were  fixed,  the  sidereal  period  would  be 
equal  to  the  interval  between  two  successiye  returns  of  the  planet 
to  the  same  equinoxial  point  But  the  equinoxial  points  are  sub- 
jecty  as  already  explained  (i  74),  to  a  very  dow  retrog^^e  motion,  in 
virtue  of  which  the  first  point  of  Aries,  from  which  right  ascensions 
and  longitudes  are  measured,  moves  annually  from  the  east  to  west 
upon  the  ecliptic  through  a  space  a  little  less  than  a  minute.  A 
planet,  therefore,  departing  from  the  vemal  equinoxial  point,  and 
moving  constantly  from  west  to  east,  will  return  to  that  point  before 
it  completes  its  revolution,  inasmuch  as  that  point  moving  in  the 
contrary  direction  meets  it  before  its  return  to  the  point  of 
departure. 

It  follows  from  this,  that  the  interval  between  two  successive 
returns  to  the  vemal  equinoxfal  point  is  a  little  less  than  the 
sidereal  period.    This  interval  is  called  the  equm^xial  period. 

753.  Feribelion  and  apbellon  dlstaaees. — Let  the  extreme 
and  mean  distances  of  the  earth  from  the  sun,  expressed  in  millions 
of  miles,  be 

<f=mean  distance 
<f= least  distance 
<f '  =  greatest  distance : 

we  shall  then  have,  according  to  what  has  been  already  explained 
and  proved, 

dsz  gii    «f=9iJx(l-«)     d''^:  gii  X  (1  +  e), 

the  value  of  e  in  the  case  of  the  earth  being  0*0167705. 

Let  the  mean  and  extreme  distances  of  a  planet  from  the  sun  be 
in  like  manner  expressed  by  D,  j>'  i/'  in  millions  of  miles,  and  we 
shall  have 

I>s9l)a    l)'ss9ij«  X  (1 -•)    D"=9iJ  ax  (I  +  0• 
a  o  a 
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The  distance  s  of  a  planet  from  the  earth  at  superior  oonjimefiam 
being  equal  to  the  aum  of  the  distances  of  the  earth  aBod  pUaefc 
from  the  sun,  we  shall  have 

This  will  vaiy,  because  the  distances  from  the  sun  rar^.  It  viE 
be  greatest  when  the  earth  and  planet  are  both  in  aphelion,  sod 
least  when  they  are  both  in  perihelion.  If  s",  ^erefbre,  exproas 
the  greatest^  and  s'  the  least  possible  distance  of  the  planet  whee 
in  conjunction;  the  mean  being  expressed  bj  s,  we  shall  have 

The  distance  of  an  inferior  planet  from  the  ear^  wfa^i  m 
inferior  conjunction,  is  found  by  subtracting  the  planet's  distance 
from  the  sun  from  the  earth^s  distance.  If  o  express  the  mean 
distance  of  the  planet  in  inferior  conjunction  from  the  earth,  we 
shall  hare 

o  =  <?— D. 

The  distance  will  yaiy  according  to  the  relatiye  positions  of  the 
axes  of  the  eUiptic  orbits,  and  will  evidently  be  greatest  when 
the  earth  is  in  aphelion  and  the  planet  in  perihelion,  and  least 
when  the  earth  is  in  perihelion  and  the  planet  in  aphelion.  If  o*^ 
and  o'  then  express,  as  before,  the  greatest  and  least  possible  dia- 
tances  of  the  planet  in  inferior  conjunction,  we  shall  have 
o''  =  rf''-D'        o'=rf^-D", 

The  distance  of  a  superior  planet  in  opposition  is  found  by  soIh 
tracting  the  earth^s  distance  from  tiie  planet's  distance ;  and  it  may 
in  like  manner  be  shown  that  the  mean  and  extreme  distances  of 
the  planet  in  opposition  from  the  earth  will  be 

o=:D-rf       0''=i/'-if       o'=D'-<r'. 

m.  Conditions  affeding  the  physical  and  mechamcal  state  of  the 
planet  independently  of  its  orbit. 

754.  In  the  preceding  chapters  we  have  generally  explained  and 
illustrated  the  methods  by  which  the  real  magnitudes,  masses 
densities,  diurnal  rotation,  and  superficial  gravity  of  the  planets 
are  determined.  These  data  and  some  others  are  brought  together 
and  aiTanged  in  juxtaposition^  being  expressed  numerically,  wiUi 
relation  to  the  most  generally  use&l  units,  in  the  Tables  nL  IV. 
andV. 

The  methods  of  computing  many  of  the  quantities  and  magni- 
tudes given  in  the  several  columns  of  these  Tables  have  been 
already  explained.  Some  of  them,  however,  require  further  eluci** 
dation. 
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In  MT^nd  parts  of  this  volume  reference  is  made  to  the  linear 
v^alue  of  an  arc  At  a  distant  object;  it  would  therefore  be  usefol  here 
tjTi  give  the  methods  for  its  determination. 

755.  S«latiTeiiuiviiitiideaofareaof  l^l^andl'^andtlfta 

nUUvs. — It  is  proved  in  geometiy  that  the  length  of  the  entire 
oirctunference  of  a  circle  whose  radius  is  expressed  by  1*000 
exceeds  6*283  V  ^^^  ^'^  ^®  5000th  part  of  the  radius.  As  the 
exact  length  of  the  circumference  does  not  admit  of  anj  numerical 
expression^  it  will  therefore  be  sufficient  for  all  practical  purposes 
±0  take  6*283  to  express  it. 

If  if;  m,  and  $  express  req>ectiyel7  the  actual  lengths  or  Unear 
'wxdues  of  a  degree,  a  minute^  and  a  second  of  a  circle^  the  length  of 
'whoee  radius  is  expressed  by  r,  we  shall  therefore  have  the  follow- 
ing numerical  relations  between  these  seyeral  lengths :  — 

60X  B^m,        6oxm=i^        36oox<=rf 

36orf=s6*283r,        360x60  xm  =  21600  xm=6*283  Xr, 

21600  X  60  X  «=  X 296000  X  8=  6*283  ^  ^t 

and  from  these  may  be  deduced  the  following : 

r=57*3  X  i^=  3437*8  Xm=: 206265  x«. 

By  these  formidsB  respectively  the  length  of  the  radius  may  be 
computed  when  the  linear  value  of  an  arc  of  l°,  1%  or  1'^  is 
known. 

In  Hke  manner^  if  the  length  of  the  radius  r  be  given,  the 
linear  value  of  an  arc  of  1°,  i',  or  i''  may  be  computed  by  the 
formulas 

^=^T^,^^f       »^=,":7riX^i         *=::^><^' 

756.  Tbe  linear  and  angwlar  mavnitades  of  an  arc — By 

the  linear  magnitude  of  an  arc  is  to  be  understood  its  actual  length 
if  extended  in  a  straight  line,  or  the  number  expressing  its  length 
in  units  of  some  known  modulus  of  length,  such  as  an  mch,  a,  foot, 
or  a  mile.  By  its  angular  magnitude  is  to  be  understood  the  angle 
formed  by  two  lines  or  radii  drawn  to  its  extremities  "from  the 
centre  of  the  circle  of  which  it  forms  a  part,  or  the  number  express- 
ing the  magnitude  of  this  angle  in  angular  units  of  known  value^  as 
degrees,  minutes,  and  seconds. 

757.  Of  fbe  fbrea  foUowlnr  qnantitt0s« — tlie  linear  Talae 
of  an  are*  Its  an^nlar  valne,  and  fbe  lenftli  of  fbo  radinst — 
any  two  beinv  riven,  tbe  tliird  may  be  eompnted. — Let  a 
express  the  angular,  and  a  the  linear  value  of  the  arc,  and  r  the 
radius. 

1st  Let  a  and  a  be  g^ven  to  compute  r.  .  By  dividing  a  by  a  we 
shall  find  the  linear  value  of  i^,  I'^or  1'^,  accorcUng  as  a  is  expressed 
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in  degrees,  minutes,  or  seconds,  and  r  maj  then  be  competed  Iit 
(75  5)*  Thus,  according  to  the  angular  units  in  whidi  •  ia  ezpresBed, 
we  shall  have 

r= J  X  573         r=  ^  X  3437-8  r~x  206265. 

sndly.  Let  a  and  r  be  given  to  compute  a.  Bj  (755)  the  Hnear 
yalues  of  1%  i^,  or  1^'  may  be  computed^  since  r  is  given,  and  hj 
dividing  a  by  one  or  other  of  these  values, «  will  be  found :  thua  we 
shall  have 


^=-r^     ^'=- 


571  ^  ^  MI?  •  ^  *"  «>6.6j  ^  ^ 

3rdl7.  Let  a  and  r  be  given  to  compute  a.  By  (75  5);  as  before, 
the  linear  values  of  1%  l^,  or  i'^  may  be  found,  and  by  multiplymg 
one  or  other  of  these  by  a  the  value  of  a  will  be  obtained :  thus  we 
shall  have 


758.  Kefbod  ef  eooapiitlBC  tlie  extreme  end 

rent  dlametera* — The  real  diameter  8  being  ascertained  by  the 

methods  explained  in  (757),  a  being  tiie  apparent  diameter,  and  r 

the  distance,  the  extreme  variation  of  the  apparent  diameter  may 

be  found  from  a  comparison  of  the  real  diameter  with  the  extreme 

and  mean  distances  of  the  object.    Supposing  B  to  represcoit  the 

mean  distance,  d'  the  leas^  and  j/'  the  greatest  distance,  we  have 

thus  (757) 

B  9  9 

«=jX  206265         •'■BpX  206265         «"=£;7  X  206265. 

759.  SvrflMee  and  ▼olvmea. — The  surface  of  the  earth  con- 
sists of  197  millions  of  square  miles,  and  its  volume  of  259,800 
millions  of  cubic  miles.  Let  these  nimibers  be  expressed  respec- 
tively by  s^  and  ^\  Since,  then,  the  surfaces  of  spheres  are  as  the 
squares,  and  their  volumes  as  tiie  cubes  of  their  diameters,  if  a' 
express  the  surface,  and  A''  the  volume  of  a  planet  related  to  those 
of  the  earth  as  an  unit,  and  8^  the  surface  in  millions  of  square 
miles,  and  y  the  volume  in  billions  of  cubic  miles,  we  shall 
have 

A'=A»  A"  =  A« 

«'=A'XB'  r  =  A"XB". 

760.  Tbe  Meaaes. — If  x  and  m'  be  any  two  masses  of  matter, 
the  attractions  which  they  will  exert  upon  any  bodies  placed  at 
equal  distances  from  their  centres  of  gravity  will  be  in  tbe  exact 
proportion  of  the  quantities  of  ponderable  matter  oompoeLng  them. 
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But  it  will  be  conTement  to  obtain  the  relation  between  the 
mniwfiw  and  the  attrmctions  they  exert  at  unequal  distances.  For 
thia  purpose^  let  the  attractions  which  they  exert  at  equal  dis- 
tances be  expressed  by/ and ^,  and  let  the  common  distance  at 
"which  those  attractions  are  exerted  be  expressed  by  Xf  and  let  F 
and  f'  express  the  attractions  which  they  respectively  exert  at  any 
other  distances,  r  and  r^,  and  we  shall  have,  according  to  the 
general  law  of  grayitation, 

f  y.JL.  " 


and  consequently 


firom  which  it  follows  that 

/_FXr 

But  ^ce  the  masses  x  and  iff  are  proportional  to  the  attractioDf 
ftuadf^  we  have 

/      m" 


and  therefore 


y  _  y  X  r* 


that  is,  the  attracting  masses  are  proportional  to  the  products 
obtained,  by  multiplying  any  two  forces  exerted  by  them  by  the 
squares  of  the  distances  at  which  such  forces  are  exerted. 

Hence,  in  all  cases  in  which  the  attractive  forces,  exerted  by  any 
central  masses  at  given  distances,  can  be  measured  by  any  known 
or  observable  motions,  or  other  mechanical  effects,  the  proportion 
of  the  attracting  masses  can  ba  determined. 

761.  astlmatioa  of  eeatral  maaaea  around  wHtoli  bodloa 
roraire. — If  bodies  revolve  around  central  attracting  masses  as 
the  planets  revolve  around  the  sun,  and  the  satellites  around  their 
primaries,  the  ratio  of  the  attracting  forces,  and  therefore  that  of 
the  central  masses,  can  be  deduced  from  the  periods  and  difrtwit^a 
of  the  revolving  bodies. 
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'  Thus  if  p  and  p'  be  the  periods  of  two  bodies  Tevolring'  aroosd 
different  attracting  masses,  u  and  itf,  at  the  distances  r  and  r',  v« 
•hallhaye 

p  _  r^     p''_  r      22 

and  substituting  this  for  ^in  the  for^iula  found  in  (760),  ve 

have 

ic       r»     P« 


By  this  principle  the  ratio  of  the  attracting  masses  can  alwsrs 
be  ascertained  when  the  periods  of  any  bodies  reyolTing  aiomid 
them  at  known  distances  are  determined. 

762.  BetermiiiatloB  of  tbib  ratio  of  tl&o  maoaog  of  aD 
planota  wbioli  liaTO  aatollitoOf  to  tl&o  inaao  of  t|io  wmn» — 
This  problem  is  nothing  more  than  a  particular  application  of  tibe 
principle  explained  above. 

To  solye  it  it  is  only  necessary  to  ascertain  the  period  and  dis- 
tance of  the  planet  and  the  satellitoj^  and  substitute  them  in  the 
formula  determined  in  (761).  The  arithmetical  operations  being 
executed,  the  ratio  of  the  masses  will  be  determined. 

763.  To  dotormliio  tho  ratio  of  tbo  maaa  of  tiM  tmattb,  to 
tliat  of  tlio  aim* — Since  the  earth  has  a  satellite,  this  problem 
will  be  solved  by  the  method  given  in  (762). 

If  r  and  r'  express  the  distances  of  the  earth  ftovi  the  son  and 
moon,  and  p  and  P'  the  periods  of  the  earth  and  moon^  we  shall 
have 

r_  p'_  27;jo  __      I 

;/— 383         p  ""365-25  ""13-38 

^=56181887    ^= ? , 

fn       ^  '     P*       179024 

which  being  substituted,  and  the  operations  executed,  gives 

p=  313923. 

This  quantity,  as  showing  the  ratio  of  the  mass  of  the  earth  to 
that  of  the  sun,  is  not  strictly  the  true  amount,  but  is  sufficioitlj 
close  as  an  illustration  of  the  method.  The  true  fraction,  the  son 
being  unity,  is  ttsW^j. 

764.  Masaea    of  plaaots.— The  masses  of  the  planets  in' 
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Telation  to  the  son  being  aecertaiDed  by  the  yarious  methods  ex- 
plained in  (760),  et  seq.y  and  the  ratio  of  that  of  the  son  to  the 
earth  being  in  the  proportion  of  315,000  to  i,  let  A'"  express  the 
mass  related  to  that  of  the  earthy  and  2^'^  to  tliat  of  the  sun  as  the 
unit.    We  shall  then  have 


315000 


By  which  A'"  may  be  inferred  fifom  7,''\ 

The  actual  weight  of  the  earth  in  trillions  of  tons  may  be  easily 
4X>mputed.  Having  ascertained  the  linear  dimensions  and  the 
mean  density  of  the  earth,  it  is  a  question  of  mere  arithmetical 
labour  to  compute  its  volume  and  weight  The  uncertainty  attend- 
ing the  determinations  of  the  mean  density  of  the  earth,  however,, 
will  prevent  any  veiy  accurate  result.  For  example,  the  mean 
density  found  by  Mr.  Baily  was  5*67  times  that  of  water,  while 
that  resulting  firam  the  Harton  experiments  was  6*57  times  greater 
iiian  that  of  water.  For  us  it  will  be  sufficient  to  adopt  the  former 
value,  which  is  used  generally  in  the  calculations  of  density  in 
various  parts  of  this  volume. 

*    Taking  the  dimensions  of  the  earth  at  a  little  less  than  8000 
miles  in  diameter,  its  volume  contains  about 

259,800  millions  of  cubic  miles,  or 
38,242,027,930  billions  of  cubic  feet 

The  average  weight  of  each  cubic  foot  of  the  earth  being  5*67 
times  greater  than  the  weight  of  a  cubic  foot  of  water,  which  is 
found  to  be  equal  to  1000  ounces  or  62*5  lbs.  (H.  71),  is,  there-* 
fore,  354*375  lbs.,  or  0-1587  of  a  ton.  It  follows,  consequently, 
that  the  total  weight  of  the  earth  amounts  to 

6,069,009,832  billions,  or 

6,069  trillions  of  tons. 

Let  the  actual  weight  of  the  earth  in  trillions  of  tons  be  there- 
fore 6069,  and  let  the  weight  of  any  other  mass  in  trillions  of  tons 
be  J'",  we  shall  have 

«"'=A'"x6o69. 

76$.  TIM  denattles. — The  mean  densities  being  the  quotients 
obtained  by  dividing  the  volumes  by  the  masses,  and  adopting  the 
mean  density  of  the  earth  related  to  that  of  water  as  determined  by 
Mr»  Baily,  the  unit  being  5*67  (80),  let  the  mean  density  of  any  of 
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tlie  other  bodies  rekted  to  that  of  tlie  earth  as  the  unit  be  x,  tad 
related  to  water  sf^  and  we  shall  haye 

a'" 
*==-■       «'=4:X5'67. 

A'' 

It  IB  evident,  however,  that  if  the  value  6*57  resultmg  from  the 
experiments  made  in  the  Hartcm  CoUieiy,  under  the  soperintend- 
ance  of  the  Astronomer  Royal,  were  used,  considerable  di£krenoei 
would  be  shown  in  the  used  mean  densities,  in  relation  to  tbst 
of  water,  of  all  the  bodies  of  the  solar  systeuL  It  is  only  an  example 
of  the  difficulty  of  obtaining  accurate  data,  let  the  experiments  be 
conducted  in  the  most  careful  and  unobjectionable  manner.  Botk 
values  are  considered  trustworthy,  so  &r  as  tiie  detiuls  <^  the 
diffisrent  methods  will  allow,  no  preference  can,  tiieiefore,  be  givea 
to  either  one  or  other  of  these  determinations.  However,  as  thsS 
resulting  from  the  Cavendish  experiment  of  Mr.  Baily  has  generally 
been  used  in  the  comparison  fA  the  difierent  densities  of  the 
planets,  we  have  adopted  it,  as  already  explained,  in  various  parts  of 
this  volume. 

766.  0«rtaUi  Oata  not  ezaetly  aae«rtslBed«— It  will  be  use- 
ful, therefore,  to  observe  that  in  the  determination  of  aeversl  of 
these  data,  tiie  results  of  the  observations  and  computations  of 
astmnomers  are  to  a  certain  extrait  at  variance,  and  a  correspood- 
ing  uncertainty  attends  such  data,  as  well  as  all  conditions  wfaidi 
depend  on  them  or  are  derived  by  calculation  from  them,  as  pre- 
viously explained  respecting  the  densities  of  planets.  This  is  more 
especially  the  case^  however,  with  the  masses  of  those  plsnets 
which  are  unaccompanied  by  satellites,  and  conseqnentiy  with  the 
densities  which  are  ascertained  by  dividing  the  masses  by  tiie 
volumes. 

767.  Bsampleof  tlia  masses  and  dansltles  of  some  i^UuMts. 
— As  an  example  of  the  character  and  extent  of  these  discrepandes, 
we  give  the  following  estimates  of  the  masses  of  some  of  the 
principal  planets  expressed  as  fractions  of  the  mass  of  the  sun ; 
the  column  A  contains  the  values  published  in  the  Asmntairt  tk 
Bureau  des  LongUudeB :  the  colunm  E  contains  tiie  values  assigned 
by  Professor  Encke,  from  a  comparison  of  all  the  authorities,  except 
that  of  Neptune,  which  is  given  on  the  authority  of  Professor 
Pierce,  who  has  devoted  considerable  attention  to  the  tiieoretical 
investigations  of  the  motion  of  this  planet ;  and  the  columns  L  and 
X  the  values  given  in  the  treatises  lately  published  in  Germany  by 
Professors  Littrow  and  Madler. 
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Mbbouet 

A. 

E. 

L. 

M. 

1_ 

I 

, 

I 

4»70}» 

4865751 

2015810 

Vntos    -      . 

I 
401847 

I 
"401839 

405^71 

1 
401718 

Sabth    - 

1 

Isosii" 

1 
155000 

I 
155499 

Mam     -      - 

lisioin 

I 

f 

i66(^ 

a6«k^n 

ts^po 

UBAinit-      . 

I 
14000 

f 
«490$ 

1 

AlOOO 

14516 

NVIUNB 

I 

1 
i87«o 

I 

i9oob 

I 
14455 

It  will  be  observed  that  in  Tables  m.  IV.  and  V.,  the  quantities 
axe  in  all  cases  reduced  to,  and  expressed  in,  those  actual  standard 
measures  and  weights  with  which  all  persons  are  familiar.  The 
utility  of  this  was  yeiy  forcibly  expressed  and  yeiy  happily  illus- 
trated by  the  Astronomer  Royal,  in  the  popular  lectures  ddirered 
by  him  at  Ipswich  in  March,  1 848. 

768.  Zataaaitj  of  solar  Ught  and  boat. — Since  the  intensity 
of  solar  radiation  decreases  as  the  square  of  the  distance  firom  the 
son  decreases,  if  y  expresses  its  intensity  at  the  mean  distance  of 
any  planet  relatiye  to  its  intensity  at  the  earth,  as  the  unit,  we 
shall  haye 

I 


769.  Snporflolal  frayltj.— The  superficial  grayily  of  a  spherical 
body  being  in  proportion  to  its  mass,  divided  by  the  square  of  its 
semi-diameter,  and  the  height  through  which  a  body  falls  upon 
the  surface  of  the  earth  in  one  second  being  16  09 5  feet,  let  /  ex- 
press the  superficial  gravity  of  a  spherical  body  related  to  that  of 
the  earth  as  the  unit,  and  let/  express  the  height  through  which 
a  body  submitted  to  it  would  fall  in  one  second,  and  we  shall  have 


ff'^-^f     /=/x  16095. 

770.  OrHital  TOlooitlos. — It  is  easy  to  show  that  it  follows  as 
a  necessary  consequence  of  the  harmonic  law,  which  is  explained 
in  a  subsequent  part  of  this  chapter,  that  the  mean  orbital  veloci-* 
ties  of  the  planets  are  in  tiie  inverse  ratio  one  to  anotiier  of  the 
square  roots  of  the  distances;  for  since  these  velocities  are  propor- 
tional to  the  circumferences,  or,  what  is  the  same^  the  semi-diameters 
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of  the  orbits,  divided  by  the  periods,  they  are  proportional  to  —  ; 
but  siQce,  by  the  harmonic  law,  p*  is  proportional  to  «•,  the  velo- 
cities will  be  proportional  to  — ,  or,  what  ja  the  same,  to   —  that 

Vo*  ^/^ 

iflyiiiyersely  proportional  to  the  square  roots  of  the  mean  distaiK^e^ 
This  being  understood,  and  the  mean  orbital  Telocity  of  tiie 
earth  expressed  in  miles  per  hour  being  65,533,  let  T  be  the  mean 
velocity  of  a  planet  related  to  that  of  the  earth  as  the  unit,  aixl  Y* 
its  mean  velocity  in  miles  per  hour,  and  we  shall  have 

T  =  --i,       T'svx  65^33. 

tmd  since  the  ratio  of  miles  per  hour  to  feet  per  second  is  that 
of  5280  to  3600,  if  v"  be  the  velocity  in  feet  per  second,  we  ahaH 
have 

y/c=:5|?xv'. 
360 

771.  Snperflelml  Ttflodtr  ^f  roitmncm^  —  The  superficial  ve- 
locity of  a  planet  at  its  equator  in  virtue  <^  its  diurnal  rotation  is 
found  by  comparing  the  circumference  of  its  equator  with  the  time 
of  its  rotation.  By  the  elementaiy  principles  of  geometiy,  the  cip- 
cumference  of  a  circle  whose  diameter  is  ^,  is  ^x  3*141^  and  if  t 
express  the  time  of  rotation  in  hours,  we  shall  have  for  v,  the 
velocity  of  rotation  in  miles  p6r  hour 

T 

which  may  be  reduced  to  feet  per  second,  as  before,  by 

360 

772.  Solar  fravltatlon. — The  general  law  of  gravitation  sup- 
plies easy  and  simple  means  by  which  the  force  of  the  sun's 
attraction  at  the  mean  distance  of  each  of  the  planets  may  be 
brought  into  immediate  comparison  with  the  known  foice  of  gravity 
at  the  surface  of  the  earth. 

Let  this  latter  force  be  expressed  by  ff.  It  will  decrease  in  the 
same  ratio  as  the  square  of  ike  distance  of  the  body  affected  by  it 
increases.  The  distance  of  the  sun  being  23,070  semi-diameters 
of  the  earth,  the  intensity  of  the  attraction  which  the  earth's  i 
T^ould  exert  at  that  distance  would  be 
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■  9 ^ 


23070X  23070    532,224,900 


But  the  mafls  of  the  sun  being  3 1 5,000  times  that  of  the  earth, 
it  will  at  the  same  distance  exert  an  attraction  3 1 5,000  times 
greater.  The  intensity  of  the  attraction,  therefore,  which  the  sun 
exerts  at  the  earth's  mean  distance  will  he 

23070*^1690  * 

and  the  intensity  of  its  attraction  at  the  mean  distance  of  the  other 
planets  being  still  inrerselj  as  the  squares  of  the  distances,  will  be 
found  by  dividing  this  by  a*.  So  that  if  e  express  this  attraction, 
and  r  the  height,  in  thousandths  of  an  inch,  through  which  a  body 
placed  at  each  distance  would  fiill  in  one  second,  we  shall  hare 

*^i6^«'      P=i6o95X  12x0=  193 14a 

By  the  numbers  given  in  the  column  e,  it  is  there  to  be  under- 
stood that  a  mass  of  matter  which,  placed  upon  the  surface  of  the 
earth,  would  weigh  the  number  of  pounds  expressed  by  the  deno- 
minators of  the  fractions  severally,  would,  if  submitted  only  to  the 
aun's  attraction  at  the  respective  mean  distances  of  the  planets, 
gravitate  to  the  sun  with  the  force  of  one  pound.  Thus,  a  mass 
which  on  the  earth's  surface  would  weigh  1690  lbs.,  would  weigh 
only  one  pound  if  exposed  to  the  sun's  attractionin  the  absence  of  &e 
earth.  In  like  manner,  a  mass  which  upon  the  earth's  surface  would 
weigh  1,524,652  lbs.,  or  680  tons,  would,  if  exposed  to  the  sun's 
attraction  at  tiie  mean  distance  of  Neptune,  weigh  only  one  pound, 
80  extremely  is  the  intensity  of  solkr  attraction  enfeebled  by  the 
enormous  increase  of  distance.    (Table  Y.) 

The  numbers  given  in  the  column  F  have  a  more  absolute  sense, 
and  express  in  thousandths  of  an  inch  the  actual  spaces  through 
which  a  body  would  be  drawn  in  one  second  of  time  by  the  sun's 
attraction  at  the  mean  distances  of  the  planets  severally. 

773.  OttleulattoB  of  the  central  force  of  fravitj  hy  tlie 
Teiodtj  and  cnrvatiire  of  a  body. — The  space  through  which 
any  central  attraction  would  draw  a  body  in  a  given  time  can  be 
easily  calculated,  if  the  body  in  question  moves  in  -a  circular,  or 
nearly  circular,  orbit  around  such  a  centre,  as  all  the  planets  and 
satellites  do. 

Let  E,^^.  104,  be  the  centre  of  attraction,  and  E  m  the  distance 
or  radius  vector.    Let  trt  m' = t,  the  linear  velocity.    Let  m  n'  and 
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m  iiN^ be  drawn  at  riglit  anglee  to  s  myand  tlierefove  p^r^H^  to  mA 
other.  The  Telocity  m  m/  majbe  considered  as  compoonded  of  two 
foioee(M.  i69),<»ieinthedirect]onmfi^<tf  the  tangcst^ 
and  the  other  mn  directed  towards  tlie  centre  of 
attnustion  B.  Now  if  the  body  were  d^ftrived  of  ill 
tangential  motion  mn^^it  would  be  attracted  toward 
the  centre  s,  through  the  apace  m  %  in  the  nnit  of 
time.  By  meana  of  this  space,  ther^bre,  the  fbroe 
i^iich  the  central  attraction  exerts  at  fit  can  be 
brought  into  direct  oompariscm  with  the  force  which 
terrestrial  gravity  exerts  at  the  matmoe  of  the  eaxlh. 
It  follows,  therefore,  that  if  /  express  the  sp&ot 
throu^  which  such  a  body  would  be  drawn  in  the 
unit  d  time,  foiling  freely  towards  the  centre  of  a;t- 
traction,  we  shall  haye  /=m  m.  But  by  the  de- 
mentary  principles  of  geometiy, 


E 
Flf.104. 


Therefore^ 


mux  2  Em=min^. 


that  is,  the  space  through  which  a  body  would  be  drawn  towards 
the  centre  of  attraction,  if  deprived  of  its  oibital  motion,  in  tiie  unit 
of  time,  is  found  by  dividing  the  square  of  the  linear  orbital  Telocity 
by  twice  its  distsnce  from  tiie  centre  of  attraction. 


Since  T= 


206265 


we  shall  also  haye 


/= 


rXa^ 


2  X  206265' 


The  attractive  force,  or,  what  \b  the  same,  the  space  through 
which  the  revolving  body  would  be  drawn  towards  the  centre  in  tibe 
unit  of  time,  can,  therefore,  be  always  computed  by  these  fonnuhe, 
when  its  distance  from  the  centre  of  attraction  and  its  linear  or 
angular  velocity  are  known. 

Since 

^1296000 


which  being  substituted  for  a  in  the  preceding  formula,  will  give 
/=4i254ixljj 
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1>j  wliich  the  attractdve  force  may  always  be  calculated  when  the 
distance  and  period  of  the  reyolying  body  are  known. 

774.  Xaw  of  fravitatloB  shown  in  tlio  oaso  of  tho  moon* 

^-The  attraction  exerted  by  the  earthy  at  its  surface,  may  be 
compared  with  the  attraction  it  exerts  on  the  moon  by  these 
formula. 

In  the  case  of  the  moon  7=0*63  5^  niiles,  and  r=  239,000  milesi 
and  by  calculations  from  these  data,  we  lind 

f «  o'oooooo8459"**** = oo536»"«*»' 

The  attraction  exerted  by  the  earth  at  the  moon's  distance  would^ 
therefore,  cause  a  body  to  fall  through  536  ten-thousandths  of  an 
inch,  while  at  the  earth's  surface  it  would  fall  through  193  inches 

(M  H5)- 

The  intensity  of  the  earth's  attraction  on  the  moon  is,  therefore, 
leas  than  its  attraction  on  a  body  at  the  surface,  in  the  ratio  of 
1 ,930,000  to  536,  or  3600  to  I,  or,  what  is  the  same,  as  the  square 
of  60 to  I. 

But  it  has  been  shown  that  the  moon's  distance  from  the  earth's 
centre  is  60  times  the  earth's  radius.  It  appears,  therefore,  that 
in  this  case  the  attraction  of  the  earth  decreases  as  the  square  of 
the  distance  from  the  attracting  centre  increases;  and  that  conse- 
quently, the  same  law  of  gravitation  preyails  as  in  the  elliptic  orKnt 
of  a  planet 

775.  Son**  ttttimotlon  on  plnnets  oomparod — law  of  fraTl- 
tatlon  flUflUod. — In  the  same  manner,  exactly,  the  attractions 
which  the  sun  exerts  at  different  distances  may  be  computed  by  the 
motions  and  distances  of  the  planets.  The  distonce  of  a  planet  giyes 
the  circumference  of  its  orbit,  and  this,  compared  with  its  periodic 
time,  will  give  the  arc  through  which  it  moyee  in  a  day,  an  hour,  or 
a  minute.  This,  represented  by  tn  m\  fig,  104,  being  known,  the 
space  m  n  through  which  the  planet  would  fall  towards  the  sun  in 
the  same  time  may  be  calculated,  and  this  being  done  for  any  two 
planets,  it  will  be  found  that  these  spaces  are  in  the  inverse  ratio  of 
the  squares  of  their  distances. 

Thus,  for  example,  let  the  earth  and  Jupiter  be  compared  in  this 
manner.  If  d  express  the  distance  from  the  sun  in  miles,  p  the 
period  in  days,  a  the  arc  of  the  orbit  in  miles  described  by  the 
planet  in  an  hour,  and  H  the  space  mn  in  miles,  through  which  the 
planet  would  fall  towards  the  sun  in  an  hour  if  the  tangential  force 
were  destroyed,  we  shall  then  have 
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• 

D. 

P. 

A. 

H. 

Bartk   .       . 
Juplur.       . 

9i,90OiOOO 

65.ni 

or9Qi9 

Now,  on  comptring  the  nmnbers  in  the  last  colmnn  -witii  tiie 
squares  of  those  in  the  first  column,  we  find  them  in  almost  exaet 
accordance.    Thus, 

(9^iy  :  (4757)' ''  H-402  *•  0-90*8. 

The  difierenre,  small  as  it  is,  would  disappear,  if  exact  values  were 
taken  instead  of  round  numbers. 

776.  The  liarmoBle  taw* — A  remarkable  numerical  relatioii 
thus  denominated,  preyails  between  the  periodic  times  of  iht 
planets  and  their  mean  distances,  or  major  axes  of  their  orbits. 
If  the  squares  of  the  numbers  expressing  their  periods  be  compared 
with  the  cubes  of  those  which  express  their  mean  distances,  thef 
will  be  found  to  be  yeiy  nearly  in  Uie  same  ratio.  They  would  be 
exactly  so  if  the  masses  or  weights  of  the  planets  were  absolutelT 
insignificant  compared  with  that  of  the  sun.  But  althou^  these 
masses,  as  will  appear,  are  comparatirely  yery  small,  they  are 
sufficiently  considerable  to  affect,  in  a  slight  degree,  this  lemaik- 
able  and  important  law. 

Omitting  for  the  present,  then,  this  cause  of  deviation,  the 
harmonie  law  may  be  thus  expressed.  If  P,  p',  p'',  &c.,  be  a  series 
of  numbers  which  express  or  are  proportional  to  the  periodic 
times,  and  r,  K,  r^^  &c.,  to  the  mean  distances  of  the  planets,  we 
shall  have 

pf  — pT— P^'  *^' 

that  is,  the  quotients  found  by  dividing  the  numbers  expressing 
the  cubes  of  the  distances  by  the  numbers  which  express  the 
squares  of  the  periods  are  equal,  subject  nevertheless  to  such 
deviations  from  the  law  as  may  be  due  to  the  cause  above  msii* 
tioned. 

777.  Fulfllled  by  the  planets. — Method  of  oompnttar  the 
dlstanoe  of  a  ptoaet  from  the  aun  when  its  peiiodio  time  is 
known. — To  show  the  near  approach  to  numerical  accuracy  with 
which  this  remarkable  law  b  fulfilled  by  the  motions  of  the  planet; 
composing  the  solar  system,  we  have  exhibited  in  the  foUbwinjf 
table  the  relative  approximate  niunerical  values  of  their  sevenl 
distances  and  periods,  and  it  is  evident  on  comparing  the  two 
columns  which  give  the  cubes  of  the  distance,  and  the  squares  of 
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the  periodB,  tliat  the  quotientB  found  by  dbriding  the  eolmnn  r*  by 
diat  of  p' are  Bensibly  equal:  — 


DlMaiiec. 

Ptrhid. 

CoteoriNMaiiM. 

SqwrnflTPalod. 

NaMflTPImC 

r 

P 

•      f* 

F« 

Motcutt 

o-j«7 

0-141 

.0*05796060) 

0*058061 

Venus- 

©7*1 

0615 

o-J779J30^ 

0178115 

Rarth  - 

too 

i-oo 

1*000000 

Man    . 

rja 

I-S8 

tS'OXCOOO 

140606000 
868XS0664 

705579161* 

10*0000 

I45;6596 

7057-^01 

Jupiter 

Setnra- 

Uranus 

4-00 
«4-oi 

K«pcnne 

w<^ 

164^ 

A7OOO  030000 

»709974+* 

In  general  the  distance  of  a  planet  from  the  sun  can  be  com* 
puted  by  means  of  this  law,  when  the  distance  of  the  e^rth  and 
the  periodic  times  of  the  earth  and  planet  are  known. 

For  this  purpose  find  the  numbeor  which  expresses  the  periodic 
time  P  of  the  i^anet,  that  ot  the  earth  being  expressed  by  i ;  and 
let  J>  be  thjB  number  which  expresses  the  mean  distance  of  thjo 
planet  from  the  sun,  that  of  the  earth  being  also  expressed  by  1. 
We  shall  then,  acccwdingta  the  harmonic  Iaw^  haTS 


from  whkh  we  obtain 


i*:p>::i»:d' 

P»=D». 


To  fiEnd  the  distance  D,  therefore,  it  is  only  necessary  to  find  the 
number  whose  cube  .is  the  square  of  the  number  expressing  the 
period,  or,  what  is  the  same,  to  extract  the  cube  root  of  the  squai^ 
of  the  period. 

778.  Barmonlo  taw  dednoed  from  tlie  taw  of  fraTltatloiu — 
It  is  not  difficult  to  show  that  this  remarkable  law  is  a  necessary 
consequence  of  the  law  of  graritation. 

Supposing  the  orbits  of  the  planets  to  be  circular,  which  for 
this  purpose  they  may  be  taken  to  be,  let  the  distance,  period,  and 
angular  Telocity  of  any  one  planet  be  expressed  by  r,  p,  and  a,  and 
those  of  any  other  by  K  p'  and  c/,  and  let  the  forces  with  which  the 
son  attracts  them  respectively  be  expressed  by  /  and^.  We  shall 
then,  according  to  what  has  been  proyed  (773),  have 


/=- 


rxo* 


X  206265 


•^      2  X  206265' 


and  therefore 


/:/: 


;  r  X  o*  ;  r'  X  «^. 

H  H 
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Bat  hj  U16  kw  of  gmritetiaa 

/:/:;r«:H, 
thef6raro 

ind  conaeqiieiitlj 

Bat  the  angles  described  in  the  unit  of  time  ace  taand  Ij  dirid&ig 
560''  bj  the  periodic  times.    Therefore^ 

3600  3600 

and  cooaeqaently 

which  is,  in  ftyd,  the  hannonic  law. 

779.  Xapl«r'a  taws. — The  three  great  planetaiy  laws  &- 
coveied  hj  Kepler,  and  which  are  generally  known  hj  hia  name, 
are  1,  the  eqoaUe  description  of  areas;  2,  the  elliptic  form  ot 
the  OTbits ;  and  5,  the  hannonic  law,  which  has  beoi  ftxplaciTWfl 
aboTa.  Kepler  deduced  them  as  matter  of  &ct  from  the  recorded 
obserrations  of  himself  and  other  astronomers,  bat  £uled  to  ahov 
the  principle  by  which  they  were  connected  with  each  other. 
Their  interpretaticm  was  given  by  Newton,  who  showed  iheic  con- 
nection. 

We  mast  refer  Ihose  of  our  readeis  who  desire  an  extended 
theoretical  knowledge  of  the  moTements  of  the  solar  Sjysteiii, 
including  the  application  of  these  celebrated  laws  of  Kepler,  to 
those  special  works  on  the  hi^r  branches  of  astronomy,  which 
haye  been  prepared  solely  for  the  assistance  of  students  of  this 
science.  It  is  not  the  object  of  this  woric  to  enter  folly  into 
questions  requiring  the  use  of  mathematifal  analysis  lor  tiisir 
dnddatiffli,  as  indeed,  the  limited  qpace  allotted  to  this  toIidbb 
would  not  allow  us  to  do ;  but  it  has  been  the  endeavour  to  gire  a 
general  idea  of  the  peculiarities  of  the  yarious  membeis  of  the 
solar  system  in  a  plain  and  popular  manner,  without  distuxbiQg  the 
reader  with  mathematical  symbols  in  the  ezplanationai 

780.  TlM  apparent  BMttoB  of  aa  iaHnrlor  plaaat. — Befine 
proceeding  to  exhibit  in  a  synoptical  table  the  principal  elements 
of  the  yarious  planets  composing  the  solar  system,  it  will  be  prt^wr 
in  this  place  to  giye  a  simple  explanation  of  the  apparent  motions 
of  an  inferior  and  a  superior  planet  in  reference  to  the  earth.  To 
deduce,  therefore,  the  apparent  from  the  real  motion  of  an  inferior 
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Flf.105. 


planet,  let  ^  Jiff.  1051  be  the  place  of  the  earth,  « that  of  the  son, 

and  cbif  0ihe  orbit  of  the  planet;  the  direction  of  the  planet's 

motioii  being  shown  by  the  anows, 

the  positions  which  it  assumes  suc- 

cemTelj  are  indicated  at  c^,  t^,€,a,e, 

b,  #^,  and  V.    Since  the  etfth  moyes 

laand  the  snn  in  the  same  direction 

as  the  planet,  the  apparent  motion  of 

the  mm  «  will  be  firam  the  left  to  the  . . 

right  of  an  obeeirer  looking  from  Bat  |\ 

a ;  and  since  this  motion  is  always 

tmn  west  to  east,  the  planet  will  be 

west  of  the  son  when  it  Ib  anywbese 

in  the  semicircle c5  tfVc^f  and  eastef 

it  ^whenitiB  anywhere  in  the  semidrc&o 

4/  of  9ac 

The  elongation  (272)  ef  the  planet, 
being  the  angle  formed  bylines  drvwn 
to  the  son  and  planet  frem  the  earth, 
win  always  be  east  when  the  planet 
is  in  the  semicircle  4/  •  e,  and  west 
'vrhen  in  the  semidrole  ^'^•e. 

The  pUnet  will  haye  its  greatest 
elongation  east  when  the  fine  B«  dhrecM  to  it  from  the  earth  is 
a  tangent  to  its  orbit,  and  in  like  manner  Its  greatest  elongation 
west  when  the  fine  B  «^  is  a  tangent  to  the  orUt 

In  these  positions  the  angle  «•«  B,  or  «  e'  B,  at  the  planet  is  90^, 
and  consequently  the  eloqgation  and  the  angle  «  «  b,  or  «^  «  B  at 
the  sun,  taken  together,  make  up  90^. 

It  appears,  therefore,  that  the  greatest  elongation  of  an  inferior 
planet  must  be  les^than  90^. 

If  the  earth  were  stationary  the  real  orbital  motion  of  the  planet 
would  giye  it  an  apparent  motion  alternately  east  and  west  of  the 
sun,  extending  to  a  certain  limited  distance^  resembling  the  oscil- 
lation of  a  pendulum. '  While  the  planet  mores  from  </  to  s,  it 
will  appear  to  depart  from  the  sun  eastward,  and  when  it  mores 
from  « to  0,  it  will  appear  to  return  to  the  sun  \  the  ehmgation  in 
the  former  case  constantly  increasing  till  it  attain  its  maTimnm 
eastward,  and  in  the  latter  constantly  decreasing  till  it  become 
nothing.  It  is  to  be  obsenred,  that  the  orbital  91c  </  0  being  greater 
than  0  0,  the  time  of  attaining  the  greatest  eastern  elongation 
after  superior  coigunction  is  greater  than  the  time  of  retnming  to 
the  sun  from  the  greatest  elongation  to  inferior  ooi\junction. 

After  inferior  coigunctioni  while  the  planet  passes  from  0  to  s^, 
its  ebngation  constantly  increases  fifom  nothing  at  c  to  its  miTimmn 
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west  at  /;  and  when  the  planet  moree  from  ^  to  <r^,  it  agwi 
decreaaee  until  it  becomes  nothing  at  si^erior  oonjimctiQn.  Snee 
the  orbital  aiC8y  e  ^  and  ^  e',  axe  leqpeetiTelj  equal  U>e  e  and  ^  c^ 
it  follows,  that  the  inteiral  from  infmior  conjmictaon  to  tlie  great- 
est elongatioQ  west,  is  eqnal  to  the  intenral  from  the  greatest  ekn- 
gation  east  to  infnior  oonjnnetion.  In  lifte  manner,  the  iBteml 
from  superior  Goojonetion  to  the  greatest  elongation  east^  is  eqnal  to 
the  interval  from  &e  greatest  elongation  west  to  superior  oonjnsctiao. 

The  oscillatioa  of  the  planet  ahematefy  east  and  west  is  there- 
/ore  made  through  the  same  angle — that  is,  the  angle  «  x  «<,  in- 
dnded  bjr  tangents  drawn  to  the  planef  s  orbit  from  tiie  earth ;  bat 
the  apparent  motion  from  the  greatest  dongatioo  weat  to  the 
greatest  ehmgation  east,  is  slower  than  the  apparent  motioii  from 
the  greatest  eloogadon  east  to  the  greatest  elongation  west,  in  the 
ratio  of  the  length  of  the  orbttsl  arcs  s  c'  s'  to  s  0  /» 

The  planet  being  included  within  the  ori>it  of  the  earth,  the 
orbital  motion  of  the  earth  will  give  it  an  apparent  motion  in  the 
ecliptic,  in  the  same  direction  as  the  apparent  motion  of  tlie  son; 
but,  since  the  apparent  motion  of  a  vieible  object  increases  as  ib 
distance  decreases,  and  vice  tMr«f,  and  since  the  planet  being  at  a 
considerable  distance  from  the  centre  of  the  earth's  orbit,  the 
distance  of  the  earth  from  it  is  subject  to  variation,  the  apparent 
motion  imparted  to  the  planet  bj  the  earth^s  orUtal  motion,  wiU 
be  subject  to  a  propoftionate  yariation,  b^ng  greatest  when  the 
planet  is  in  inferior  conjunction,  and  least  wh^  in  superior  oco- 
junction. 

^e  apparent  motion  of  the  planet,  as  it  is  projected  upon  the 
firmament  by  the  visual  ray,  arises  from  the  combined  efiect  of  its 
own  ori>ital  motion  and  that  of  the  earth.  Now  it  £s  evideift,  from 
what  has  been  just  explained,  that  the  eflfeet  of  the  planet*8  own 
motion,  is  to  give  it  an  i^pparent  motion  from  west  to  east,  while 
passing  from  its  greatest  elongation  west,  trough  superiOT  con- 
junction, to  its  greatest  elongation  east,  and  a  contrary  apparent 
motion  from  east  to  west,  while  passing  from  its  greatest  elonga- 
tion east,  to  its  greatest  elongation  weet^  throu^  inferior  con- 
junction. 

But  since,  in  all  positions,  the  efiect  of  the  orbital  motioii  of  the 
earth,  is  to  give  the  planet  an  apparent  motion  directed  from  west 
to  east,  both  causes  combine  to  impart  to  it  this  apparent  motion, 
while  passing  from  its  western  to  its  eastem  elongaticm,  through 
superior  conjunction.  On  the  other  hand,  the  effect  of  the  orfaitel 
motion  of  the  planet  being  an  apparent  motion  from  east  to  west  in 
passing  from  its  eastem  to  its  western  elongation,  through  inferior 
■  conjiihction,  while,  on  the  contrary,  the  earth's  motion  imparts  to  it 
an  apparent  motion  from  west  to  east,'tiie-  actual  apparent  motidta 


8TN0PSIS  OP  THE  SOLAR  SYSTEM.  463 

of  Iha  planety  resulting  horn  the  diffidence  of  these  eSods,  will  be 
weetward  or  eastwaid,  aooording  as  the  effidct  of  the  one  or  th^ 
othegr  prodominatesy  and  the  planet  wiU  appear  stationaiy  when  these 
opposite  efiects  are  eqnaL 

In  leaving  the  greatest  eastern  elongatiooi  the  effect  of  the 
earth's  motion  predoniinateSy  and  the  apparent  motion  of  the  planet 
oontiniies  to  b^  as  before^  eastward.  As,  in  approaching  inferior 
conjunction^  the  direction  of  the  planet's  motion  becomes  more  and 
more  transrerse  to  the  Tisoal  line,  and  the  distance  of  the  planet 
decreases^  the  e£foct  of  the  planefs  motion  increasing  becomes,  at 
lengthy  equal  to^  the  effect  of  the  earth's  motion,  and  the  planet 
then  becomes  stationary.  This  takes  place  at  a  certain  elongation 
east.  After  this,  the  c^ect  of  the  planef  s  motion  predominating, 
the  apparent  motion  becomes  westward,  and  this  westward  motion 
continues  through  infiarior  conjmiction,  imtil  the  planet  acquires 
a  certain  ekmgi^ion  west^  equal  to  that  at  which  it  prerioualy  be- 
came stationary.  Here,  the  effects  becoming  again  equal,  the 
planet  is  again  stationary^  after  which,  the  effect  of  the  earth's 
motion  predominating,  the  apparent  motion  becomes  eastward,  and 
continues  so  to  the  greatest  ekmgation  west,  after  which,  as  beforOi 
both  causes  combine  in  rendering  it  eastward. 

781.  Appaveat  metton  as  prctfeeted  on  tbm  eellptlo. — ^From 
what  has  been  explsined  in  the  preceding  paragraph,  the  apparent 
motion  of  the  planet  on  the  firmament  will  be  easily  understood. 
Let  A,  B,  X,  V,  K.,/C^.  106,  represent  the  ediptio  in  which  the 
planet  is  at  present  supposed  to  more.  While  passing  from  its 
western  to  its  eastern  elongation,  it  appears  to  moTO  in  the  same 
direction  as  the  sun,  from  ▲  towards  B.  As  it  approaches  b,  its 
apparent  motion  eastward  becomes  gradually  slower  until  it  stops 
altogether  at  B,  and  becomes  for  a  short  interval  stationary ;  it  then 
mores  westward,  returning  upon  its  course  to  0,  where  it  again  be- 
comes stationary;  after  which  it  again  moyes  eastward,  and  con- 
tinues to  move  in  that  direction  till  it  arriyes  at  a  certain  point  d, 
where  it  again  becomes  stationary;  and  then,  returning  upon  its 
course,  it  again  mores  westward  to  B,  where  it  again  becomes 
stationsry ;  after  which,  it  again  changes  its  direction  and  moyes 
eastward  to  f,  where,  after  being  stationary,  it  turns  westward, 
and  so  on. 

The  middle  points  of  the  arcs  B  q,  D  B,  v  e,  &c  of  retrogression 
are  those  at  which  the  planet  is  in  inferior  conjunction ;  and  the 
middle  points  of  the  arcs  0  d,  b  7,  e  ^  &&  of  progression  are  those 
at  which  the  planet  is  in  superior  conjunction. 

782.  Apparent  metton  of  a  supeHer  planot^^To  deduce 
the  i^parent  motion  of  a  superior  planet  from  the  real  orbital 
motions  of  the  earth  and  the  planet,  let  s,  Jig,  107,  be  the  place 
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of  the  fOD,  p  tliAt  of  liie  planet,  and  ^it'j^'^r'^e  cahttaiiSb^ 
earth  inchided  within  that  of  the  planet,  &e  directioit  of  ^ 
motions  of  die  eardi  and  planet  being  indioited  hy  the  anrows. 


When  the  earth  is  at  ^%  the  son  s  and  planet  p  are  in  the  same 
visual  line^  and  the  planet  is  consequently  in  conjunction.  When 
the  earth  moves  to  i^,  the  elongation  of  the  planet  west  of  the  son 
is  8  /  P.  This  elongation  increasing  as  the  earth  mov^  in  its 
orbit,  becomes  90^  at  "E^,  when  tiie  visual  direction  e'  p  of  tiie 
planet  is  a  tangent  to  the  earth's  orbit,  and  the  planet  is  then  in  its 
western  quadrature. 

While  the  earth  continues  its  orbital  motion  to  e^",  the  donga-* 
tion  west  of  the  sun  continues  to  increase,  and  at  length,  when 
the  earth  comes  to  the  poation  s,  it  becomes  1 80°,  and  the  planet 
is  in  opposition. 

After  passing  E,  when  the  earth  moves  towards  e^,  tiie  elonga- 
tion of  tiie  planet  is  east  of  the  sun,  and  is  less  than  180%  but 
greater  than  90^.  As  the  earth  continues  to  advance  in  its  oibit^ 
the  elongation  decreasing  becomes  90^  when,  at  Tf%  the  Tisaal 
direction  of  the  planet  is  a  tangent  to  the  earth's  orbit  Tlie 
planet  is  then  in  its  eastern  quadrature. 
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Pig.  107, 


.Ab  the  earth  movee  60m  s'^  to  s'^',  the  elongation,  being  still 
eRflt,  constantly  decreases  until  it  becomes  nothing  at  B  "j  where 
tlie  planet  is  in  conjunction. 

783.   Bireet  and  retrograde 
aaotloa.  -^  K  the  planet  were  im- 
xnoTable,  the  effect  of  the  earth's 
motion  would  be  to  give  it  an  oscil- 
latory motion  alternately  eastward 
and  westward  through  the  angle 
-wf  pb'',  which  the  earth's  orbit 
subtends  at   the  planet     While 
the  earth  moves  fix)m  "st'  through 
'mf"  to  t!^  the  planet  would  appear 
to  more  mAwierd  through  the  angle 
"Bf  P  E^^,  and  while  the  earth  moves 
j&om  b'  through  b  to  B^',  it  would 
appear  to  move  wesfworc^  through 
the  same  angle. 

Thus  the  effect  of  the  earth's  mo- 
tion alone  is  to  make  the  planet 
appear  to  move  from  east  to  westy 
and  from  west  to  east  alternately, 
through  a  certain  arc  of  the  ediptic,  the  length  of  which  will 
depend  on  the  relation  between  the  distances  of  the  earth  and 
planet  from  the  sun,  the  arc  beings  m  &ct,  nieasured  by  the  angle 
which  the  earth's  orbit  subtends  at  the  |^et)  and,  consequently, 
this  angle  of  apparent  oscillation  will  decrease  in  the  same  ratio 
as  the  distance  of  the  planet  increases. 

The  times  in  which  the  two  oscillations  eastward  and  westward 
would  be  made  are  not  equal,  the  time  from  the  western  to  the 
eastem  quadrature  being  less  than  the  time  from  the  eastern  to  the 
western  quadrature,  in  the  ratio  of  the  orbital  arc  b'  E  b''  to  the 
arc  E"  B"'  B'. 

It  is  evident,  therefore,  that  the  more  distant  the  planet  p  is, 
the  less  unequal  will  be  these  arcs,  and  consequentiy  the  less 
unequal  will  tiie  intervals  be  between  quadrature  and  qui^drature. 
But,  meanwhile,  the  earth  being  included  within  the  orbit  of 
the  planet,  the  efl^Mst  of  the  planet's  orbital  motion  will  be  to  g^ve 
it  an  apparent  motion  in  the  ecliptic,  always  in  the  same  direction 
in  which  the  sun  would  move  when  in  the  same  place,  and  there- 
fore always  eastward  or  direct 

This  apparent  motion,  though  always  direct,  is  not  uniform, 
since  it  increases  in  the  same  ratio  as  the  distance  of  the  earth 
from  the  planet  decreases,  and  xice  versd.  This  apparent  motion 
thus  due  to  the  planet's  own  orbital  motion,  is  therefore  greater 
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from  western  to  eMtem  quAdimtore,  than  from  eastern  to  wettea 
quadrature. 

From  eastern  to  western  quadrature,  tiirougli  coojunctioo,  tlie 
i^pparent  motion  of  the  planet  is  direct^  because  both  its  own 
orbital  motion  and  that  of  the  earth  combine  to  VNider  it  so. 
From  western  quadrature,  as  the  planet  approaches  oppositioOy  the 
effiMst  of  the  earth's  motion  is  to  render  the  jdanet  retzogiade, 
while  the  e£fect  of  its  own  metiom  is  to  render  it  direct  On 
leaving  quadrat«re  the  latter  effiact  pfedominates,  and  the  apparent 
motion  is  direct ;  bat  at  a  certain  elongation  before  airiTing  at 
opposition,  the  efiect  of  the  eartii's  motion  increaang,  becomes 
equal  to  that  of  the  planet,  and,  neotraliiiBg  it,  renders  the  planet 
stationary ;  after  which,  the  effect  of  the  «irth'<s  motion  piedonii- 
nating,  the  planet  becomes  retrograde,  and  continues  so  until  it 
acquires  an  equal  elongation  east,  when  it  again  beoomes  statianazr, 
and  is  afterwards  direct^  and  c(mtinues  so. 

784.  Appareat  motloB  aa  prodeeted  oa  tlM  eeUptle* — ^Let 
k^fig,  106,  represent  the  place  of  a  superior  planet  when  moriog 
from  its  western  quadrature  towardsooi\juncti<m,  its  apparent  motioo 
being  then  direct  Let  b  be  the  point  where  it  beocones  stationair 
after  its  eastern  quadrature  \  its  apparent  motion  then  bec(mung 
retrograde,  it  appears  to  return  upon  its  course  and  mores  westward 
to  0,  where  it  again  beoomes  stationary ;  aftendiich  it  again  retumi 
on  its  course  snd  mores  direct  or  eastward,  and  otntinuea  so  until 
it  arrives  at  a  certain  point  2>,  sifter  its  western  quadrature,  when  it 
again  becomes  stationary,  and  then  again  retrogrades,  marisg 
through  the  arc  D  B,  which  will  be  equal  to  B  0 1  after  which  it 
will  again  become  direct,  and  so  on. 

The  places  of  the  planet's  oppodtaon  are  the  middle  points  of  the 
arcs  of  retrogression  B  0,  D  b,  f  e,  &c;  and  the  places  of  conjunedoo 
are  the  middle  points  of  the  arcs  of  progres^on  0  D,  B  F,  e  H,  &c. 

It  is  evident  from  the  preceding  explanation,  therefore,  that  the 
apparent  motion  of  a  superior  planet  projected  on  the  ecliptic  is  in 
all  respects  similar  to  that  of  an  inferior  planet,  the  dilfereocs 
being,  that  in  the  latter  the  middle  point  of  the  arc  of  retrogres- 
sion corresponds  to  inferior  conjunction^  while  in  the  ifsasax  it 
corresponds  to  opposition. 

It  will  be  apparent,  from  what  has  been  shown,  that  the  snglo 
whioh  the  eartii  gains  upon  the  planet  in  the  interval  between  iti 
western  and  eastern  quadratures,  is  the  angle  which  the  esithj 
orbit  subtends  at  the  planet,  or  twice  the  annual  parftiliyr  of  tl^ 
planet  (165). 

Though  not  bearing  immediately  on  the  subject  of  this  paragraph, 
it  will  not  be  entirely  out  of  place  to  explain  here  the  daily  synodic 
motion  of  a  planet    The  daily  sjmodic  motion  is  the  angle  bf 
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whicb  the  planet  departs  from  or  approaches  to  the  earth  in  its 
course  aroand  the  son.  Thus  if  A  express  in  degrees  the  angle 
formed  bjtwq  lines  drawn  from  the  sun^  one  to  the  planet  and  the 
other  to  ^e  earth,  the  daily  synodic  motion  will  be  the  daily  in- 
crease or  decrease  of  a  produced  by  the  motions  t)f  the  earth  and 
planet.  For,  since  the  earth  and  jplanet  both  moye  in  the  same 
direction  aroand  the  son,  with  difibrent  angular  motions,  the 
increase  or  decrease  of  a  wiU  be  the  difference  of  their  motions. 

785.  SjBoptlo  table  of  tlM  pHneipal  elemeBts  of  the 
l>laiaat«i7  orbits.  —  In  Table  I.  are  given  the  elements  of  the 
planetary  orbits  as  referred  to  the  epoch  specially  assigned  for 
each  planet  Those  of  the  more  recently  disooymd  planetoids 
most  be  regarded  somewhat  provisionally,  and  pvobably  will  be  cor- 
rected when  their  positions  have  been  more  accurately  determined 
by  observation.  In  the  majority,  however,  the  elements  as  given 
in  the  Table  have  been  dctt^mined  mth  considerate  accnracy  by 
tlie  several  authorities  whose  names  are  mentioned  in  the  last 
column,  and  are  the  most  recent  determinations. 

The  value  of  the  solar  equatorial  horizontal  parallax,  or  the 
angle  which  the  earth^s  semi-diameter  at  mean  distance  subtends 
at  the  sun,  adopted  in  the  computation  of  the  distances  of  the 
planets  from  the  sun  and  earth  in  Table  IL,  has  been  assumed  to 
be  8^^-94.  These  numbers  have  been  finally  agreed  upon  by  ^the 
Astronomer  Royal  and  IVL  Le  Verrier,  until  a  more  accurate  de- 
termination is  made  at  future  favourable  oppositions  of  Mars,  or 
at  the  next  transits  of  Venus  in  1 874  and  1 882.  An  abstract  of 
the  investigations  from  which  this  value  has  been  obtained  will 
be  found  in  the  Appendil  (807). 

The  planets  in  the  following  table  are  arranged  in  the  order  of 
distance  from  the  sun,  the  elements  of  the  orlnt  of  each  planet 
being  inserted  as  follows : —  ^ 

1.  The  mean  £umal  heliocentric  motion. 

2.  The  sidereal  period. 

3.  The  mean  distance  from  the  sun,  or  semi-axis  of  orbit,  that  of 
the  earth  being  unity. 

4.  The  excentricity  df  fhe  orbit. 

5  The  longitude  of  the  perihelion,  Tefeired  to  ihe  mean  equinox 
of  the  respective  epochs. 

6.  The  mean  longitude  at  epoch. 

7.  The  longitude  of  the  ascending  node,  referred  to  the  mean 
equinox  of  the  respective  epochs. 

8.  The  inclination  of  the  planet's  orbit  to  the  plane  of  the 
ecliptic 

9.  The  epoch  or  date  at  which  the  elements  of  the  orbits  have 

been  assigned. 
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135115 

^•393045 

0-184741 

164  18    s^ 

AUSOKU    .     - 

® 

95r340 

135378 

*-J94997 

0*115840 

216  56  54T3 

Phocba     .    . 

® 

95^813 

'35874 

1*400811 

0154313 

21     7  151 

® 

948-55^ 

136618 

»'409695 

o-«4355» 

260  13  16*0 

Asia.    -     -  - 

® 

94I-49' 

1376-54 

»-4»i737 

0*185088 

24a   10  20*9 

Kt8A    .      ^      . 

® 

941-360 

»J76-73 

1*411961 

0-150771 

35  27  aj-o 

© 

9J9-081 

1380*07 

1-415877 

0*101668 

298  23  331 

Bbatbbc    .    . 

® 

937-415 

1381*53 

1-418751 

0*084155 

205  30  199 

LUTBTLL     .      . 

® 

933554 

138814 

»-4354*3 

0*161104 

4*  43  «3S 

IfflS.      -     -      . 

® 

930-906 

I39»-I9 

1*440061 

0115615 

247  30  I4'i 
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HE    PLANETABT  ORBITS. 


Ixmsitadeof 
PerflMUon. 

Longitude  of 
AmadingNode. 

InoUnation 
of  Orbit. 

Mean  Solv  Time  of 

"Bffodb.  at  Oreenwioh, 

Paris,  Berlin,  or 

Washington. 

Authority  Iter 
Elementi. 

0         #        " 

0                      H 

0     /       If 

75      7     00 

46  33     33 

7     0    8-2 

1850  Jan.     10  P. 

^    Annales  de 

5 

129  a3  56-0 

75  19    4» 

3  »3  308 

»♦                ** 

rObeeryatoire 

? 

100   ai  40*0 

0    0    0*0 

0     0     O'O 

»                      rt 

'  Imperial  de 

e 

333    »7  50-5 

48   21  44S 

151  51 

»»                      n 

J  Pari8.TomeU. 

i 

3*   54  »«'3 

iio  17  48*6 

5  53    80 

1848  Jan.     I'o  B. 

Brunaow. 

© 

*77  4^     9*^ 

*^4  37  43'9 

3  27  40-5 

1866  Jan.     I'O  B. 

Weiss. 

® 

307    54  49'5 

a€7  44  59^6 

5  »3  54-5 

1866  Jan.    00  B. 

C.H.  F.Peters. 

® 

0   54     7-0 

93  34  54» 

4  15  48-4 

1863  Jan.    00  B. 

Sdinbert 

® 

15      5  3»«> 

»5o    3  49^7 

10    9  16-9 

1854  Jan.    o-o  B. 

Schnbert 

® 

355     5  "5 

118  31  45*0 

8  36  51-3 

18^5  Oct     7*cr  B. 

Tietjen. 

® 

301    39  *5o 

»35  34  4«7 

%  23  177 

1851  Jan.    CO  B. 

Brnnnow. 

® 

S7   35     3-< 

93  48     1*5 

I  35  298 

1866  May  265  B. 

Gnnther. 

® 

»5o  aS     i*a 

103  24  59-1 

7    7  58-1 

1866  Aug.  27-0  G. 

Farley. 

© 

3«   *«  57*9 

308    9  39-1 

2    6    6*9 

18^5  Aug.  18a  B. 

Cf&ither. 

® 

174  5»     o'6 

'75  43     6'3 

9  5«  5»'8 

1865  Jan.  17-0  B. 

Tie^'en. 

® 

339  *5  43" 

327  20  567 

9  22  28-5 

1865  Nor.  lo-o  B. 

Valentiner. 

® 

4.1    *3  »»•» 

*59  47  55-8 

5  »8    3-0 

1850  Jan.    o'o  B. 

Bronnov. 

© 

7«      3  5»» 

68  31  35-2 

5  3«    0-3 

1858  June  300  B. 

Lesser. 

© 

98   33  32-6 

Z92    2    9*0 

3  34  i8-5 

1866  Jan.    CO  B. 

C.H.  F.Peters. 

® 

S69   3*  49'o 

338    6583 

5  47  »6'3 

1865  Appili7-o  B. 

Tie^'en. 

® 

30*  49  53*4 

*i4    5    7*3 

21  34  363 

1865  Not.  12*0  B. 

Giinther. 

® 

9S  »9  3»-8 

206  45    67 

041     95 

186S  June  i5's  B. 

Gimther. 

® 

306     8     6*9 

202  43  29*0 

5  59  35-9 

1865  Jan.    7*0  B. 

Frischanf. 

® 

ii»     5  3»-5 

131     3  312 

3  41  57'6 

1866  Oct     yo  B. 

PowaUky. 

® 

15     ^  "'7 

138  39  17-3 

14  46  43*9 

1866  Jnne  3C0  B. 

B.  Luther. 

© 

18S  a8  ao-9 

27  34    91 

5    »  "3 

1865  May    4'o  B. 

Becker. 

® 

3*7     3     «'4 

80  27     7*2 

3    5    95 

1853  Jan.    20  B. 

Lesser. 

® 

318     0  4«7 

84  30  40-4 

8  34  330 

i860  Jan.    0*0  B. 

Bninn. 

® 

470 


ASTEONOMT. 


Tabli 


MUMOf  PlMMi. 

II 

Hean  diurnal 

Ueliocentrio 

Motion. 

Bldmal 
Period. 

MeandisUBOo 
from  Son,  or 
fe«mi.«zia^ 
(Sarth'tdia. 
tanoasi.) 

Bzoantddty. 

-^ss- 

FOBTUMA.   -      • 

® 

93o-»79 

dayfc 
«393i3 

«'44"57 

0-15859(0 

0      <     * 
a«9  "  571 

EUBTNOMB       - 

® 

9i9-i»9 

139486 

2-443172 

0-195058 

45  4*  54-« 

Pabthbhopb  - 

® 

9»4»S4 

I4<>»*37 

2-451936 

0*099581 

I^28  4<1 

® 

912066 

1420-95 

»*473545 

0-127701 

77  4«  417 

Hbstu.     -    * 

® 

883564 

1466-78 

2*526460 

0-164166 

3x6  22  2r5 

® 

»7«-444 

1487-19 

»'549835 

0-180304 

330  44  237 

® 

«69-334 

149080 

*'553959 

0-073989 

161  17  34T 

Egbbu     -    • 

® 

857880 

1510-70 

2-576641 

0087093 

340  55  561 

<D 

857-6i» 

1511-15 

»-577i75 

0-187521 

5  ai  »r3 

Ibbnb  -    -    - 

® 

853-»o8 

iii8-97 

2-586035 

0'l66o22 

314  47  i6tj 

POICOKA     -      - 

® 

851-588 

152008 

2-587289 

0*083017 

57  «6  271 

MRT.ITB      -     * 

® 

848330 

15*771 

2-595938 

0*37448 

278    9  376 

Paxopia  -    - 

® 

839-906 

»54303 

2-613268 

0-183129 

248  44  4i*« 

Caltfso    -   - 

® 

836-805 

'54875 

2-619715 

0*203902 

100     5  14*3  ; 

DiAKA-     -     - 

® 

835-353 

^55i-H 

2-622755 

0-205514 

18    3  3to  j 

Tkaua     -    • 

® 

833-293 

i555»8 

2-627079 

0-232029 

226  51  20-6  > 

FXDHS   .      -     - 

® 

826-545 

1567-97 

2-641356 

0-176732 

333    646-3 

EmroMiA  -    ^ 

® 

8»5*4S5 

1570-04 

2*643681 

o-rt7249 

149  57  3»-o 

VzBOonA  -    - 

® 

822-944 

«574-83 

2-649054 

0-286908 

93  »0  401 

Mata    -    .    . 

® 

821*921 

1576-79 

2*651252 

0-158095 

131  32    3-S 

lo   -     -     -     ' 

® 

820836 

1578-88 

2-653588 

0-190656 

8  41  54« 

Pbosbbpoib  - 

® 

819-685 

1581-10 

2*656072 

0-087336 

217  31  10*6 

Cltth      -   - 

® 

814843 

1590-49 

2-6iS6582 

0*042750 

25  18    6*8 

JUKO     -     -      - 

© 

814007 

1592-12 

2-66)409 

0-257250 

10    2  22-2 

EUBTDICB  -      • 

® 

813-365 

»593-38 

2-669812 

0-306906 

261  52  38*8 

Fbiqoa     -    - 

® 

812*401 

I595»7 

2-671924 

0-135814 

2S6  47  48-6 

AMOmLOfL*     - 

® 

808-311 

160334 

2-680929 

0*128193 

119  20  I2-t 

CXBCE   -     -      - 

® 

805855 

1608*23 

2-6«6373 

0-107344 

320  16  117 

COKOOBDIA      - 

® 

799-631 

1620-75 

2-700295 

0-042531 

210  32  53-8 

® 

794-322 

1631*58 

2-712315 

0-196916 

19   4*6-9 
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oocitadeof 

AAbendingNode. 

of  Orbit. 

Meu  Solar  Time  of 

Bpoch  at  Greenwich, 

Paris,  Berlin,  or 

Washington. 

▲nthori^  for 
Xl«0Mnti» 

II 

m                   m 

0      #       #» 

e      r        n 

30  57  54-* 

211   %%  29'! 

I  3»  41.8 

1863  June  24*0  B. 

Powalky. 

® 

-44  17  5«i 

206  42  41*6 

4  3«  46-5- 

1864  Jan.    I'o  B. 

Tiachler. 

® 

»7  «4  3i'4 

125      727-9 

4  37    »'^ 

1865  Mar.  270  B. 

B.  Luther. 

® 

i6o  S4  17-6 

125  2J    4'» 

.5  36    ^'i 

1866  July    1-5  B. 

Schonfeld. 

® 

J  54  10  34*9 

181  26  45*^ 

2  17  321 

1865  July  26-0  B. 

KarlinekL 

® 

^53  «6  347 

311  29  37-5 

l6  II  25-3 

1866  Sept.  00  B. 

Enone. 

® 

56  56    v% 

356  30    5-2 

«    7  49-3 

1866  Mar.  lo'o  B. 

GKintliAr. 

® 

lao    5  15*0 

43^5  5«-3 

16  30  48*8 

1866  Aug. 290^ B. 

Gunther. 

® 

«35  »4  5^7 

141  26  16*1 

5  19    90 

1865  Sept    1*0*  G. 

Farley. 

© 

179  5»    ^-^ 

86  42  237 

9    7  37-5 

1864  Not;  28-0  B. 

Bruhns. 

© 

193  11  49-8 

220  42  55*6 

5  »8  49-9 

1855  Jan.    5'o  6. 

Lester. 

® 

»9  J  19^  »5-o 

194  27  237 

a    I  409 

1865  June  20-0  B. 

B.  Luther. 

® 

30a    J  303 

48.  14  4»-6 

II  38  30*2 

1861  May  280  B. 

Dun4r. 

® 

9*  5  J  30-3 

144    I    9-a 

5    6  39-0 

1866  Jan.    4*0*  B. 

Gfbither. 

® 

»i  4»  47*5 

333  55  4»-4 

t  38  399 

1865  Oct     40  B. 

Tieljen. 

® 

i»3  4S  5r3 

«7  4»    4'» 

to  13  28*2 

1867  .May  30-0 W. 

Schubert 

® 

66  «o  i7'3 

8  12  29-4 

y    7  "-3 

1853  Oct     5-0  B. 

Tiele. 

® 

a7  5»    0-5 

293  52  145 

"  44-  »7'4 

1854  Jan.    0*0  B. 

Schubert 

® 

9  53  "-4 

173  31  59^2 

2  47  48-4 

1863  Jan.  18*0  B. 

Powalky. 

® 

44*5    06 

%  IS  2^7 

3    4  I5'» 

1865  Jan.  27*0  B. 

Weiss. 

® 

3*»  37    1-8 

203  51  47-2 

II  53  165 

1 865  Nov.  14-0  G. 

® 

236  15  15*0 

45  54  59*3 

3  35  477 

1853  June  ii-o  B. 

Hoek. 

® 

59  59  "•<> 

7  34  191 

2  24  395 

1864  Oct     4-0  B. 

Oppolzer. 

® 

54  56  "-o 

170  49  3»-9 

13     I  207 

1865  Sept   i-o  G. 

Bind. 

® 

334  ao  56*8 

359  57    ^'o 

5    0    27 

1865  Dec  1 30  B. 

Engelmann. 

® 

58  II  31*0 

2    9  276 

2  27  56*6 

1866  Jan.    00  B. 

C.  H.  F.  Peters. 

® 

•13  33  10*6 

3"    4  4«7 

I  19  518 

1865  Jan.    7*0  B. 

Oppolser. 

® 

150    3  19-1 

184  48  36-5 

5  26  28*9 

1865  Aug.  20^0  B. 

Auwers. 

® 

188  41  550 

161  19  35'6 

5    »  53* 

1865  Jan.    7*o  B. 

Oppolzer. 

® 

»95  17    87 

314    5    8-4 

II  46  419 

1863  Nov.  14*0  B. 

Schulta. 

® 

47* 

ASTRONOMY. 

TaiuI 

KUMOf  FlAMi. 

1! 

IfMUidiiinMl 
Motion. 

Foriod. 

from  Son,  or 

8emi<«zia.— 

(Xarth'tdb. 

Unoe^i.) 

KtwuUiciljf. 

*^scr 

Oltmpu  -    - 

® 

0 

793-977 

1631*19 

1*713100 

0*117163 

35*  33  «r7 

EVOSXXA    -      - 

® 

790-43* 

1639*61 

1711109 

0-079910 

»5o  XI  36*5 

LiDA     -      -      . 

® 

78»-*5o 

165676 

1*740148 

0-15543* 

111  58  176 

Atalahta.     - 

® 

779*^ 

166119 

1746119 

0-3011B9 

117  40  s6io 

NiOM  .     -     - 

® 

775-733 

1670-68 

*755*74 

0*173710 

145  »5  *4*4 

Pamdoba  -    - 

® 

774-ai« 

»67r95 

*759<« 

0-144736 

46  5«  5r5 

ALoaani-    - 

® 

7737" 

1675-04 

*-76oi73 

0*116005 

103  51  4r6 

Cnos-    -    - 

© 

771^1 

i6to-88 

*76^* 

^1*080164 

«»5  5«  *n 

Ljbtitll   •    - 

® 

770-S57 

1681-15 

176708a 

VII4659 

*34    9  3*1 

DAPHm    •    - 

® 

769997 

1683-IB 

a-769147 

0^5919 

a75  57  31-6 

Paluls     -    - 

® 

769805 

168354 

1*769601 

94  51  S« 

Thisbb      •    - 

® 

769561 

1684*08 

1770186 

0*1^017 

305    0    rj 

Oaultba  -    - 

® 

766439 

1690-93 

*777705 

0-138100 

»56  45  aa*1 

Bblloka  -    - 

® 

766121 

1691-64 

*77t470 

0-150099 

66    3  5r4 

Lbto    -    -    - 

® 

765-3*3 

1693-40 

«7«0405 

0-188461 

7«  5»*^ 

Tkbpsiooobb- 

® 

735-0*4 

1763-*! 

1856196 

0*111758 

11  59  16^ 

POLTHTlOnA. 

® 

731029 

1770-4* 

1*864085 

0*339119 

BIO   17  4610 

AOLAIA       •      - 

® 

7*5-499 

1786-36 

1*881144 

0*131044 

116  33  in 

Caxjiofi  -    - 

® 

7«4-5»4 

1813-81 

1-910711 

0*098541 

347  53  *j^| 

PSTCHI       -      - 

® 

709-760 

1815-97 

1*913681 

0-135419 

«3o  37  13-* 

Hespkbia  -    - 

® 

691-630 

1871-13 

1*971693 

0*173831 

163  53  11-3 

Dakab  -    -    - 

® 

688-081 

1883-50 

*-9«4773 

0*161600 

3*7  »o    sj 

Lbvcothba    - 

® 

680588 

190414 

3*006638 

0-11711 1 

333  34  4*-4 

Palbs  -    .    - 

® 

6551621 

1976-75 

3081494 

0137107 

SB  15  ^i 

Sbmblb     -    - 

® 

651985 

1984-73 

3-090786 

o-*o4954 

37    *  iH 

EVBOPA      •      - 

® 

650*088 

1994-04 

3-099941 

0-101415 

136  Bl   Ut 

DOBIS  -      -      - 

® 

647-130 

1001*69 

3-109401 

0*076636 

309   3B  101 

Amtiofs   -    - 

© 

644-196 

1011*81 

3*118839 

0-147671 

BS3    31   58^ 

Ebato-    -    - 

® 

640-859 

1011*19 

3*119653 

0-169657 

3«3  4»  49^ 

Thbxxs     .    . 

® 

636-763 

1035*19 

3-143057 

0*116915 

180  Bl  rn 
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ongltadeot 
PottMUon. 

Longitude  of 

InoUiiatloii 
ofOrUt. 

lUanSoUrTlmeol 

Bpooh  ftfc  Oieenwioh, 

Paris,  Btflin,  or 

WMhIngton. 

Authority  tor 

11 

0           0              M 

0      /       # 

9        10 

««  »4  345 

170  16  17*3 

8  37  163 

1865  Jan.    7'o  B. 

1.     OppoUer. 

® 

30  50  34*9 

148    6    37 

6  35  25-0 

x866  June   40  B. 

Lowy. 

® 

00  51  443 

296  27  349 

%  58  25-3 

1856  Jan.    00  B. 

AU^ 

® 

♦»  47  477 

359  "  14-9 

r8  42  14*8 

186S  Feb.  21-0  B. 

Schubert 

® 

21    4  s6'8 

316  19    70 

23  18  51*2 

2864  Jan.  23-0  B. 

Becker. 

® 

11     9  47-8 

10  52    9*6 

7  «3  49-8 

1863  Oct  25-0  B. 

MoUer. 

® 

31  18  197 

a6  56  51-5 

2  51  150 

1865  Feb.  i6-o  B. 

Safibid. 

® 

48  *o  439 

80  49  44-6 

10  36  273 

1866  Jan.  2j^  G. 

Schubert 

0 

a  30  »7-3 

157  21  ars 

10  22    5-1 

1^66  Maj    2*0  B. 

Tieljen. 

® 

10  12  141 

»79    ^  58-7 

15    59   I2-I 

1866  July  29-5  B. 

Oiuither. 

® 

»»     I  13-5 

17A  42  591 

34  4»  447 

1865  Dec  18^  GK 

Farley. 

® 

^  55    0-5 

»77  43  40'8 

5  »4  58^ 

1866  Aug.   4-S  B. 

Tie(gen. 

® 

7  »a  IO-2 

»97  58  59'3 

3  58  54*6 

1866  Jan.    0*0  B. 

Franzenau. 

® 

iw  55  »9-6 

144  41    9*9 

9  21  «6-3 

1862  Mar.  24*0  B. 

Bzohns. 

® 

1+5    4  5«-a 

44  53  «i'4 

7  57  34-9 

1863  Dec  200  B. 

Wolt 

® 

4«  33    7*9 

2  32    r6 

7  55  4*'8 

1864  Oct     6«  B. 

HaU. 

® 

^♦2  33  46-6 

9    6  223 

I  56  22*2 

1867  Har  29*0  W. 

Schubert 

® 

JH    3450 

4  12  34*4 

5    0    8-5 

1859  June  17*0  B. 

Powalky. 

® 

58  15  3^*1 

66  35  398 

»3  43  4r4 

i»6  Aug.  305  B. 

Oppolier. 

® 

15  »6  17-0 

150  33  176 

3     3  57** 

1867  Jan.    o'o  6. 

Schubert 

® 

109    625-4 

187    1    rs 

8  28  19-2 

1 861  June   3*0  B. 

Celoria. 

® 

HI  »5  2«'5 

334  11  500 

18  15  25-6 

1865  Aug.  29*0  B. 

B.  Luther. 

© 

•01  49  i6-8 

355  44  497 

8  12  ix-8 

1867  Sept  1 2*0  W. 

Schubert 

® 

1»H497 

290  32  174 

3    8464 

1863  KoT.  14*0  B. 

Powalky. 

®' 

2839    3-9 

87  55  49'^ 

4  47  44'^ 

1866  Jan.    80  B. 

Tie^jen. 

® 

»oi  56  14.8 

129  57  i6'o 

7  24  41-0 

1858  Jan.    0*0  B. 

Murmann. 

® 

74  20  42-4 

185    5  296 

6  29  28-2 

1862  July  25-0  B. 

Powalky. 

® 

H323    30 

7«  17  a4-5 

2  15  492 

1866  Oct   i8'o  B. 

Tie^'en. 

® 

34    8291 

126  IX  42*1 

2  12  175 

1865  May    7-0  B. 

Schmidt 

® 

Mo    8265 

36  12  12-6 

Q  48  52-1 

1864  Aug.  20'o  B. 

KrGger. 

® 
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Tn 

V«BMOfPltttU 

11 

Itaadtanal. 

Hritnmtrin 
Motloa.. 

Bkkretl 
FwkML 

Mean  distance 
from  Son,  or 
fiemi-uda.— 
(Barth't  dte- 
tanoeasi). 

1 
1 

r 

MnaLi 

Htok^    -    • 

® 

634-311 

dtji. 
1043-16 

3-151151 

0*100171 

74  >3 

® 

633851 

104464 

3-1 51681 

0*110461 

10450 

MimcosnfB.  • 

® 

631-690 

10481-40 

3«S6S3iS 

Q- 104031 

»»37 

Fbbia  -    .    - 

® 

569-051 

Ii7r47 

1-387691 

0-187714 

W45 

Crau     -    - 

® 

560-878 

1310*66 

3-410519 

0*110311 

x8o  xS 

Stltxa-    -    -- 

® 

JUPRSE     -     - 

w 

199-119 

433*-SM 

5-101798 

0048139 

z6o    X 

SATURN      •      - 

h 

I10-455 

I0759'»»9« 

9-538851 

0-055996 

14  50 

Ubakvs    -    - 

V 

4»»33 

3p686-8io8 

19*181639 

0-046578 

18  16 

Ndtuxs  -    - 

<v 

11*406 

60x16*7100 

30*036970 

0-008710 

335    « 

78J 

EiamxTi  OF  nn  Obbtts  er  Hbrcdbt,  Vihvi».  thb  Eabth,  Ajn>  If^uj 

100,000  T^ 


Bpoohii 

BxoaDtdoUiet. 

IiOc^itidM  of  Pttlbelloe. 

Mercury. 

Yenot. 

Butlu 

Man. 

ISeccury. 

renn. 

Bartfa. 

i 

0      / 

e-       i 

e        / 

• 

—  100,000 

0-1886 

0-0370 

0*0473 

0*1079 

189  37 

1»7  4« 

316    18 

»9« 

—  80,000 

0-1918 

0-0345 

0*0398 

0*1151 

318     1 

341  11 

4  «3 

—  60,000 

0*1961 

0-0381 

0*01x8 

0*1x15 

346  16 

IX  36 

46     8 

»^ 

-  40»ooo 

0-1000 

0-0345 

0*0109 

0*0831 

15    4 

55  33 

18  36 

i»J 

rf-  10,000 

0-1037 

0*0119 

0*0x88 

0*0840 

44-  a3 

100  56 

44    0 

«i 

0 

0-1056 

0*0069 

o*ox68 

0*0931 

74  *o 

118  43 

99  30 

3J^ 

•f   10,000 

0*1051 

0*0063 

0-0047 

0*1036 

104  31 

5718 

191  11 

5! 

+  40,000 

01033 

0*0088 

0*0x14 

0*0945 

13448 

74  49 

««5 

'M 

+   60,000 

01008 

0*0098 

0*0x99 

0-0797 

165  18 

70  11 

«*3i 

M^ 

+   80,000 

0*1970 

0*0179 

0*0x88 

00948 

196  11 

8133 

toi  3t 

31 

+  100,000 

0*1918 

0*0158 

0*0x89 

01158 

137  10 

"7    5 

"4    5 

i 
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tinued. 


igitndeof 
xiheUon. 

Longitude  of 
Ascending  Node. 

Inclination, 
of  Osbit. 

Mean  Soiar  Time  of 

Epoch  at  Greenwich, 

Paris,  Berlin,  or 

Washington. 

Authority  for 
Blementa. 

h 

/            *r 

0               // 

0     ,       //    1 

;  10  ^9'Z 

286  43     I '8 

3  49     0-2  1864  Feb.  220  B. 

Zech. 

@ 

\  4a      ^'^ 

31  31  45*9 

26  27     5'Oji867  Jan.     cro  B. 

Schubert. 

® 

\     7     9*9 

200     5  315 

15     8     8-6 

i860  Jan.     10  B. 

Adolph. 

@ 

J  13   5«-i 

212  58  21*4 

2     I  •5o'8'i863  July  27*0  B. 

Hurmann. 

® 

I  ao  36-9 

158  53  34-8 

3  28     9-8  1861  Jan.     00  B. 

1 

Fritsche. 

® 
@ 
@ 

I   54  5S' 

98  54  20-5 

I   18  40*3  1850  Jan.     10  P. 

'^    Annales  de 

V- 

0      6    I2'0 

112  21  44'o 

2  29  28-1  1       „                „ 

rObservatoire 

h 

8  16  45'o 

73  H  14-4 

a  46  299  .      " 

Imperial  de 

W 

7  14  37-3 

130    6  51*6 

146590!      .» 

J         Paris. 

^ 

ITAI3    OF  20,000  Yeabs,  from  100,000  Years  before    a.d.  1800  to 
t  THAT  Epoch, 
;  Le  Terrier.) 


Inclinations. 

Longitude*  of  Aioending  Nodes. 

wry. 

Tenns. 

Earth. 

>  Hars. 

Mercury.  1  Venus. 

1 

Earth. 

Mars. 

Epochs. 

M 

0      #     // 

0      t      n 

0     /     / 

1 
0       '  I    *       '      0       / 

0       / 

5  10 

3     5  36 

3  45  3' 

3  13  45 

i5»  551159  *o    96  34 

106  26 

— 100,000 

>  ao 

4  5*  37 

I  x8  58 

'  55  " 

134  43  "6  57    73  47 

54  13 

-   80,000 

f  30 

4    4  10 

2  36  42 

I     I  41 

116  40 

71  29  136  29 

163  37 

—   60,000 

5  30 

0  53     8 

4    3     I 

2  46  15 

91  54 

355     5!  9»  59 

122  20 

-   40,000 

{  10 

a  12  5a 

a  44  I* 

2  46  37 

69    7 

118  46    41  34 

87  30 

—   20,000 

>    6 

3  *3  *8 

Q      0      0 

I  51     6 

45  57 

74  5>|    0    0 

48    0 

0 

)  50 

a     8  55 

2      7   46 

0  53  49 

22  30 

15  25'i24  29 

3"  55 

+   20,000 

I40 

0  55  44 

*  *7  53 

3  49  '7 

353  H  «i3  43 

75  31 

136  19 

+   40,000 

^  10 

a  a8  36 

0  SI  52 

4  10  49 

317     6  124  25 1  10  47 

66  50 

+   60,000 

J  ao 

»     5  43 

I  45  40 

I  46  II 

177  15 1   64  35  >7o  "5 

1 

32a  20 

4-    80,000 

5  *o 

0  ai  54 

3    »  57 

0  49  45 

»4o  35j*75  49109  57 

145  »5 

+  100,000 

1 1 
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786— Table  H. 

DISTANCES  OF  THE  PLANETS  FEOM  THE    SON 
AND  EARTH  IN  MILUONS  OF  MILES. 

{Tk$  numbers  in  this  TaiU  eon  be  remd  as  mtBicns  and  decmtdt  rf  a 
titiliion,  or,  by  adding  three  Sphere  on  the  right  in  each  cUm 
fniUwns  and  thousands:  for  exampk,  the  mean  distance  of  J 
from  the  Swn  m  35*392  tn  ^  Table,  or  35,392,000  miles.) 


Kune  of  PUuiet. 

Distance  from  Bob. 

ICmb  disteiK*  fioa  Itartb. 

Gnftteflt 

LeMt. 

Men. 

1  AtSiqMrior 
1  Coojanction. 

CoqjuDctloa, 
orOppoeitte. 

MiRCUST      -     - 

42*669 

28-115 

35'39» 

126-822 

56038 

Venus    -    -    - 

66586 

65682 

66134 

^srsH 

25-»96 

K4BTH    -     -     - 

92-963 

89-897 

91-430 

1 

Mars     -    -    - 

152304 

126-318 

139-311 

230-741 

47-«8i    ! 

Floba    -    -    - 

232813 

169733 

aoi-273 

292-703 

'09-843    , 

235192 

167-698 

201-445 

1     a9»-«75 

X  10-0x5 

Fbbonia-    -    - 

232004 

182-370 

207-187 

1     298*6x7 

"5757 

Harmoioa  -    - 

216-953 

197*637 

207-295 

298725 

115-865 

MiLPOMKNB        - 

a55"577 

164-203 

209*890 

30X-320 

1x8-460 

Sappho  -    -    - 

251994 

167-908 

209-951 

30X-38X 

118-521 

VXCTOEIA      -     - 

260138 

166-694 

213-416 

304-846 

121*986 

EXFTEBPS        -      - 

251726 

177396 

214-561 

305-99X 

X23-131 

Vesta    -    -    - 

235289 

196-509 

215-899 

307-329 

124469 

Uaaioa  -    -    - 

243639 

188-913 

216-276 

307706 

124846 

NuCAtJSA       -      - 

230*611 

20Z-981 

2x6-296 

3077*6 

124-866 

Clio  -    -    -    - 

267882 

165*032 

216-457 

307*887 

125-027 

Iris  -    -    -    - 

268539 

167-807 

2x8x73 

309*603 

126-743 

Hins     -    .    . 

245"! 

191*299 

218-2x0 

309-640 

126780 

Echo-    -    -    - 

260*063 

>77-5»9 

»i8-796 

310-226 

I2r366 

ArsoiriA-    -    - 

246-527 

191417 

2x8-972 

310*402 

127*541 

Phogba  -    .    - 

*75'33« 

163-683 

219*507 

310-937 

128-070 

Massilu     -    - 

251-941 

188-683 

220*3x2 

3XX-742 

128-882 

Asia..    -    -    - 

262*401 

180-437 

221*419 

3x2-849 

129-989 
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Table  II.  Continued, 


Diftance  from  Son. 

Mean  distance  from  Berth. 

Name  of  Planet. 

OlMtWt. 

Uu^ 

Mean. 

At  Superior 

At  Inferior 
OonjancUon, 
or  Opposition. 

Ntsi..    -    -    - 

154-8*7 

188-053 

111-440 

311-870 

130-010 

Hkbb      -    -    . 

266749 

176-847 

111-798 

313118 

130-368 

Bkatbiz-    -    - 

140749 

103*373 

iii'o6i 

313-491 

130-631 

LlTTETU-      -      - 

25«769 

186*577 

111*673 

314-103 

131-143 

Isis    -    .    -    . 

i73-4»« 

171761 

113-095 

3«4-5»5 

131-665 

FOBTCXA       -      - 

158-591 

187-799 

113*195 

314-615 

131*765 

BUXTKOME  -      - 

166*951 

179-807 

123-379 

314-809 

131-949 

Pabthb^ope    - 

146-504 

101-^56 

124*180 

315-610 

131750 

Thetis  •    -    - 

155-036 

r^7-i76 

116*156 

317-586 

134-726 

Hsstu.  -    •    . 

168-915 

193-073 

130994 

311*424 

139-564 

®  .  .  -  - 

4751W 

191-096 

133-131 

324561 

141-701 

AMMU-TSm 

150786 

116*131 

133-509 

324*939 

142-079 

EOBBflL    -      -     ^ 

156*100 

115*064 

235-582 

327-012 

144-15* 

ASTBA A «      .     . 

179-817 

«9i-445 

135*631 

327061 

i4f*oi 

Ikbxb     -     -    - 

*75-695 

197187 

136*441 

327-871 

145-011 

Pox  OKA  -      -      - 

456194 

116-918 

136-556 

327-986 

145-1*6 

Mklbte-    -    - 

193-705 

iio-989 

137-347 

3*8-777 

H5'9i7 

Paxopba     -    - 

181*686 

195-176 

138931 

330361 

147-501 

CALTP80        -     - 

188360 

190-682 

139-511 

330-951 

148091 

I>IAKA     -      -      - 

A89-080 

190-516 

139798 

331*228 

148-368 

Thalia  -    -    - 

195*916 

184*461 

140194 

331*624 

148-764 

FiDBS      -     -     - 

184-180 

198-818 

141-499 

332*919 

150*069 

ExmoKiA     -    - 

186-971 

196-45* 

141711 

333*14* 

150*282 

ViBonriA     -    - 

311-693 

171713 

141-103 

333633 

150-773 

Maia.    -    .    - 

180*717 

104-081 

141*404 

333-834 

150*974 

lo     .    .    -    . 

188-874 

196-361 

141*618 

334-048 

151188 

PBOSBBPnrB       • 

164-054 

111-636 

141*845 

334-*75 

151-415 

Clttib  -    -    - 

154119 

*33*383 

143*806 

335-*36 

151-376 

JUKO  •     -      -      - 

306735 

i8i'iii 
I  I 

M-3-973 

2 

335-403 

»5»-543 
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Table  II.   Continued, 


Name  of  Planet. 

Diitanoe  from  Sun. 

1 
Mean diitance  from  EartSu' 

Greatert. 

Least. 

Mean. 

At  Superior 
CoojoDcdon. 

Atlnfeftar 
ConJTaMtioB, 
orOppoiitiga. 

EUBTDICB     -      - 

319017 

169*185 

244-101 

335531 

152-671 

Fbiooa  -     -     - 

a77'47a 

2II-II6 

244-294 

335-724 

152-864 

AlfOBLIlfA     -      - 

276-539 

213-695^ 

245117 

336-547 

153-687 

Circs     -    -    - 

271-980 

219-250 

245-615 

337045 

154185 

COKCORDU  -      - 

257-388 

236-388 

246-88& 

338-318 

»  55*458 

Alexaitora      - 

296-820 

199-154 

247-987 

339-4'7 

»  56557 

Oltmfia     -    - 

»77-«47 

218*971 

248059 

339489 

156-629 

EUOBKIA       -      - 

268684 

228-916 

248-800 

340-230 

157-S70 

Lbda-    -    -    - 

»8947S 

211-591 

250532 

341-962 

159-102 

Atauotta   -    - 

326-711 

«75'447 

2S1-079 

34»-509 

159-649 

NlOBB      -      -      - 

295-700 

208-168 

»5«'934^ 

343*3H 

160-504 

Paiowra     -    - 

288773 

215-751 

252-262 

343692 

160-832 

Alcmbke    -    - 

309-409 

195*335 

252-372 

343802 

169-942. 

Cerss     -    -    • 

273-262 

232*656 

252-959 

344-389 

161*529 

Ljbtitia-    -    - 

282*002 

223-986 

252-994 

344--414 

161-564 

Daphkb-    -    - 

320-512 

185-854 

253*183 

34t-6i3 

161-753 

Patxab  -    -    - 

313-990 

192-460 

253225 

144-655 

161795 

295-076 

211-480 

253-278 

344-708 

161-848 

Gaiatba     •    - 

314-459 

193'47» 

»53*965 

345-395 

162-535 

Bblloka     -    - 

292-166 

215-906 

254-036 

345-466 

162-606 

Lbto-    -    -    - 

302-121 

206-303 

254-212 

345-64» 

162*782 

Tbrpsxchobx    • 

3i6-45» 

205-850 

261-151 

352-581 

169-721 

350-666 

173-060 

261-863 

353-*93 

»70*433 

Aglaia  -    -    - 

298-216 

228648 

»63-43» 

354-862 

172-002 

Catj.iofb     -    - 

292-350 

239-902 

266126 

357-556 

174-696 

PSTCHB    -      -      - 

303-5H 

231-110 

267312 

358-74» 

175-882 

Hbsfxria    -    • 

318-932 

224-472 

271-702 

363-132 

180*272 

Danab    .    .    - 

317-002 

228*794 

272-898 

364-328 

181-468 

334608 

215-186 

*74-897 

366-327 

183467 
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Bittanoe  from  Son. 

Kame  of  Planet. 

i 

OrMtett. 

LOMt. 

Mean. 

At  Superior 
Coojonctioii. 

1 

At  Inferior 
Conjnn^rtion, 
or  Opposition. 

Pales     -    -    - 

348686 

214-980 

281-833 

373*»63 

190-403 

Skkelr  -    -    - 

340509 

224-673 

282-591 

374*021 

191*161 

£UBOPA  -      -      • 

312-174 

254-686 

283-430 

374860 

192-000 

DOBI8       -     -      - 

306-080 

262^506 

284-293 

37S7»3 

192-863 

Amtiopb      -    - 

3a7-*65 

243-045 

285-155 

376-585 

193-725 

Ebato    -    -    - 

334690 

»37-59« 

286-144 

377*574 

»94*7i4 

Thbios  -    -    . 

310-97X 

»537«9 

287-370 

378*800 

195-940 

Htoda -    -    - 

316-970 

259250 

2S8-iit> 

379-540 

196*680 

EUPHBOSTKI;      - 

35i79« 

224-702 

288-250 

379*680 

196*820 

Mmkxosyxk     - 

318-626 

258578 

288-602 

380-032 

X97i7» 

F«IIA      -      -      - 

367882 

251-592 

309737 

401-167 

218-307 

Ctvbli  -    -    - 

350-364 

275-112 

312-738 

404*168 

221-308 

Stltia  -    -    - 

®  .  -  - . 

JintTBB  -      -      - 

498-639 

45*745 

475'«9» 

567-122 

384*262 

Satcsn  -    -    - 

920-973 

823-301 

872-137 

963567 

780-707 

Ubaxus-    -    - 

1835-561 

1672-177 

1753-869 

1845-299 

1662-439 

Nbptukb     -    - 

2771-190  2720*806 

2745-998 

2837-428 

2654560 

A  general  impreBdon  of  the  relative  magnitudes  of  the  different 
planets  is  conveyed  to  the  mind  by  a  simple  illustration  first 
suggested  by  Sir  J.  HerscheL  Suppose  we  take  a  globe,  two  feet 
in  diameter,  and  place  it  in  a  well-levelled  field  or  bowling- 
green.  Let  this  globe  represent  the  sun.  Then  at  the  relative 
distances  of  the  planets,  Mercury  will  be  represented  by  a  graiu  of 
mustard  seed;  Venus,  a  pea;  the  Earth,  also  a  pea;  Mars,  a 
rather  large  pin's  head ;  the  minor  planets  as  grains  of  sand ;  Ju- 
piter, a  moderately-siied  orange ;  Saturn,  a  small  orange ;  Uranus, 
a  full-sized  cherry,  or  small  plum ;  and  Neptune,  a  middle-sized 
plum.  '  As  to  getting  correct  notions  on  this  subject  by  drawing* 
circles  on  paper,  or,  still  worse,  from  those  childish  toys  called 
orreries,  it  is  out  of  the  question.' 
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786  a.— m^vfli  elemeBts  of  the  orMt  of  tlia 
rlBlr  •f  meteorolitemi — Obseiren  are  now  generally  <^  opinian 
that  theee  apparently  -wandering  bodies  are  really  members  of  oor 
solar  system,  haying  an  extraneous  or  cosmical  origin,  and  reTohing 
in  definite  orbits  aronnd  the  sun.  From  the  periodic  observatioiis  of 
showers  of  these  meteor-planets,  we  may  infer  that  as  the  earth  is 
pursuing  its  course  in  its  orbit,  it  passes,  at  stated  intervals,  through 
or  near  rings  of  these  small  bodies,  which  on  coming  in  contact  with 
the  earth*s  atmosphere  become  ignited.  Mr.  H.  A.  Newton,  an 
American  mathematician,  has  discussed  in  considerable  detail  the 
observations  of  remarkable  meteoric  showers,  from  whidi  he  has 
deduced  rough  elements  of  the  meteors  composing  the  November 
ring.  The  following  notes  contain  a  few  of  his  results.  1 .  A  glanee 
at  the  observed  dates  of  the  showers  shows  that  there  is  a  cycle  in. 
about  the  third  part  of  a  century,  and  that  during  the  two  or  three 
years  at  the  end  of  each  cyde,  showers  may  be  expected.  The 
exact  length  of  the  cycle  is  33*25  years.  2.  The  time  of  a  ridereal 
revolution  of  the  meteoric  group  around  the  sun  is  354*621  d^ys. 
3.  Each  body  has  its  own  elliptic  orUt  about  the  sun,  this  orbit 
being  slightly  modified  by  the  action  of  the  rest  of  the  group.  It 
is  probable  ^t  all  these  ellipses  are  equal,  or  the  meteors  would 
soon  scatter  themselves  along  the  whole  circuit  of  the  ring,  and 
there  would  be  a  display  every  year.  4.  The  semi-mijor  axia  of 
the  mean  of  these  orbits  is  0*98049^  the  mean  distance  of  the  earth 
being  unity.  5.  The  excentricity  is  evidently  small,  probably 
difiering  no  more  than  two  or  three  degrees  firom  a  right  angle. 
The  ring  would  therefore  be  nearly  circular  The  incUnation  of 
the  orbit  to  the  ecliptic  is  about  1 7^  6.  The  velocity  with  which 
the  meteors  enter  the  atmosphere  in  the  opposite  direction  to  the 
earth's  motion  is  about  20  miles  a  second,  giving  an  apparent 
velodly  of  nearly  40  miles  a  second.  7.  The  length  of  the 
November  group  is  supposed  to  be  about  40  millions  of  mOes. 
If  a  shower  last  five  hours,  the  thickness  of  the  ring  would 
be  Ihe  distance  passed  over  by  the  earth  in  that  interval  of  time 
multiplied  by  the  sine  of  the  inclination,  or  more  than  100,000 
miles. 

The  general  observation  of  the  magnificent  display  of  meteors  on 
the  night  of  November  13,1 866,  will  give  data  which  will  pro- 
bably slightly  alter  the  results  obtained  by  Mr.  Newton.  At 
Greenwich  nearly  10,000  were  observed.  The  radiant  point  ftora 
which  the  paths  of  the  meteors  appeared  to  diverge  during  this 
display,  was  near  x  Leonis,  a  small  star  between  y  and  t  Leonis. 
The  inclination  of  the  orbit  of  the  ring  of  meteors,  as  found  from 
a  discussion  of  these  observations,  is  about  ig\ 
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The  increase  in  the  8un*8  paiallox  neces^tatee  a  corre^pooding 
alteration  in  the  hitherto  adopted  value  of  the  earth's  maaa.  M. 
Le  Verrier  is  known  to  be  engaged  in  its  investigation.  In  reply 
to  a  question  on  the  subject,  he  rematics: — ^Maintenant  qa'oo 
sait  que  Tancienne  masse  de  la  Tene  ne  pent  Stre  oouserrte,  il  t  a 
k  reprendre  lee  determinations  en  ne  oonserrant  que  le  nomfare 
d'inconnues  strictement  n^cessaires.  C'est  seulement  quand  j'aniai 
fini  ce  travail,  dont  je  m'occupe,  que  je  pourrai  vous  r^pondb^.'* 

The  mass  sdopted  in  this  work  has  been  obtained  from  the  for- 
mula in  Le  Verrier's  Solar  Tables  published  in  the  AmuUes  dt 
VOUervatoire  Imperial  de  Paris, 


791.— TABLE 

SYNOPSIS  OF  THE  MOTION  OF  THE  ELLIPTIC 

WITHIN  THE 
(Wmneeke's  Comet  Uprobabfy  <Ae 4 


MeABDlseuuM 
from  Sun. 
B«rth'e>=i. 

Exon. 
txidij. 

Distance. 
Earth'sBi. 

JLplMUon 

Dfrtimoa. 

Earth's  =  t. 

MeaaDsO; 
Motto/ 

KuMofOomet. 

a 

# 

ax  (i-#) 

axit+t) 

k 

Encke    -    -    -    - 

1*1  b8  I 

08464 

0-3407 

4-0955 

1074-I 

Blainpain  (1819)  - 

4-8490 

0-6867 

0-8916 

48054 

73r« 

Burckhaidt  (1766) 

*-9337 

0-8640 

0-3990 

54684 

706-11 

Clausen  (1743)     - 

3-0913 

o-7«3 

0-8615 

5-3411 

651-1 1 

DeVico-    -    -    - 

3'ioa8 

0-6173 

1-1874 

5-0181 

64S-S 

Winnecke    •    -    - 

3»343 

07S47 

0-7688 

5*499« 

6394 

Brorsen  -    -    -    - 

31465 

07945 

0-6466 

56464 

6357 

Lexell  (1770)  -    - 

ris^o 

0-7861 

0-6751 

56369 

631-8 

Pons (1819)     -    - 

3-1602 

0755a 

07736 

55468 

631-6 

D'Arrest      -    -    - 

3-4^8 

0-6609 

I-1739 

57497 

5561 

Biela 

3-5J08 

©•7563 

0-8605 

6'toi  I 

534*« 

Faye 

3*8118 

0-5576 

1-6863 

•5-9373 

47t-6 

Pigott  (1783)  .    . 

46496 

06784 

J-49S3 

78039 

353*9 

PetCTi.(i846)  .     . 

6-3*06 

0-7567 

'•5378 

11-1034 

111-9 
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790.  Thx  Mook. 

Blean  diBtance  from  the  earth    59*964.35  semi-diameters  of  eaith 

27*     'y^43*  ii''5 


Mean  sidereal  reyolution 
Mean  tropical  revolution       -    27 
Mean  synodical  revolution    -    29 
Mean    longitude   at    epoch, 

(1801,  Jan.  I.)        -       -  ii8*=*  17'  8"-3 
Mean  longitude  of  perigee^ 

(180I;  Jan.  I.)        -        -  266 
Mean  longitude  of  ascending 

node,  (180 1,  Jan.  I.)        -     13 
Inclination  of  orbit      -        -      5 


12  44 


10   7-5 


47 
2-9 


Excentricitj  of  orbit 


53    >77 
8   47-9 


00548442 


VI. 

COMETS,  WHOSE  ORBITS  ARE  CONTAINED 

ORBIT  OF  SATURN. 

a$  that  discovered  hy  Pans  in  1819.) 


Period 
inT«an. 

Longitnde 
of  PerihelioB. 

Longitude  of 

Asoending 

Node. 

Inclination 
of  Orbit. 

Mean  Time  of  Perihelion 
Pasuge. 

IMrcc- 
Motion. 

1 

F 

» 

p 

i 

Mean  Solar  Time  at 
Greenwich  or  Berlin. 

0       /       #' 

0       t      m 

0       t     1 

« 

h 

3-303 

«S7  57  30 

334  »8  34 

»3    415 

1858  Oct.   18 

12   B 

D 

4-809 

67  1848 

77  13  57 

9     I  16 

1819  Nor.  20 

6  G 

D 

5-0*5 

151  13    0 

74  ««     0 

8     145 

1766  April  27 

0  G 

D 

5-435 

93  19  35 

86  54  29 

«  53  43 

1743  Jan-     8 

5  0 

D 

5469 

34*  31  15 

63  49  31 

a  54  45 

1844  s^t  » 

11  G 

D 

5-549 

*7S  38  5» 

113  ^^  49 

10  4«    4 

1858  May  30 

0  B 

D 

5-5«i 

116  28  24 

102  37  41 

30  57  5> 

1846  Feb.  25 

8  G 

D 

5-607 

356  17  12 

131  59  17 

1  34  »8 

1770  Aug.  13 

13  G 

D 

5-61  g 

274  40  $1 

113  10  46 

10  4*  48 

1819  Jvly  18 

22  G 

D 

6380 

3*3     3  13 

148  27  16 

13  56    6 

1858  Jan.    2 

0  B 

D 

6-635 

109     8  21 

245  52  29 

12  33  17 

1852  Sept  28 

16  G 

D 

7'4H 

49  56  55 

209  41  53 

II  22    7 

1865  Oct.    4 

0  B 

D 

10-045 

49  3«  55 

55  "    0 

47  43     0 

1783  Nov.  19 

13  G 

D 

15-990 

239  49  5« 

260  12  25 

13     2  14 

1846  June    i 

3  G 

• 

D 
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792.  IMMmuB  of  their  orblts.^In^.  io8,theoilnt8Qf  thew 

comets  are  brought  to  a  common  plane,  and  reprewnted  tttiiigy^ii 
only  in  their  proportions  and  relative  pn$iiioiiAf  so  as  to  exhibit  h> 
the  eje  their  several  ellipticities,  and  the  relndve  direcdons  <€ 
their  axes.*  These  bodies  all  revolve  iu  the  common  dlrectioQ  of 
the  planets. 

793.  Vlaaetmrj'  olianuiter  of  their  orblti — It  19  ant  alone, 
however,  in  the  direction  of  their  motions,  that  the  orbits  o£  tb^^ 
bodies  have  an  analogy  to  those  of  the  planets.  Their  indinalions^ 
with  one  exception,  are  within  the  limits  of  tho$e  of  the  plajootik 
Their  excentricities,  though  incomparably  grt.'ater  than  tbode  of  t^i' 
planets,  are,  as  will  presently  appear,  ii]i!nni]mrablv  lets  than  thoat 
of  all  other  comets  yet  discovered.  Their  mean  distaucw  and 
periods  (with  the  exception  of  the  last  two  iit  tliti  table)  art^  ^^lia 
the  limits  of  those  of  the  planetoids. 

The  comparison  of  the  numbers  giveu  in  Table  Tt,  with  thoK 
which  are  given  in  the  table  of  the  elc'Qients  of  other  dlip^ 
comets,  and  the  comparison  of  the  disarm  ma  of  their  orbits  with 
those  of  others,  will  show  in  a  striking  nmnner  to  how  gr^t  an 
extent  the  orbits  of  this  group  of  comets  pos^ass  tlie  planetair 
character.  Besides  moviog  round  the  su  fi  in  the  commoD  directum^ 
their  inclinations,  with  a  single  exception,  are  withiu  the  limits  of 
those  of  the  planets.  It  is  true  that  ttieir  excentiidties  bare  aa 
order  of  magnitude  much  greater ;  but  on  the  other  hand,  thej  are 
incomparably  less  than  the  excentricitii^^  of  aU  other  pBriodic 
comets  yet  discovered.  Their  mean  distoi^ces  and  periodB  plnoe 
them  in  direct  analogy  with  the  planetoiij^i. 

Moderate  as  are  the  excentricities  ti  i-oni pared  wtth  those  of 
other  comets,  they  are  trufficiently  great  to  impart  a,  dodded  oral 
form  to  the  orbits,  and  to  produce  consid'  r:i1>le  ditTerenees  betwe^en 
the  perihelion  and  aphelion  distances,  ^is  will  Le  apparetit  by  in- 
specting the  numbers  in  Table  VI.  It  appeal's  by  these  that 
while  the  perihelion  of  Encke*s  comet  11  e^  ^~itbin  the  orbit  of 
Mercury,  iti  aphelion  lies  outside  the  orljit  of  the  moat  remote  of 
the  planetoids,  and  not  fax  within  that  of  Jupiter.  The  perilielion 
of  Biela's  comet,  in  like  manner,  lies  bett%  eon  the  orhlis  of  the  earth 
and  Venus,  while  its  aphelion  lies  outside  that  of  JupLc^r.  In  the 
case  of  Faye's  comet,  the  least  excentric  of  the  grfoup,  the  perihelion 
lies  near  the  orbit  of  Mars,  and  the  aphelion  outside  that  of  Jupiter* 

It  must  be  remembered  that  the  elliptic  fi^rtn  of  thes&  orbits  has 
only  been  verified  by  observations  on  the  successive  returns  to 
perihelion  of  the  comets  of  Encke,  Dv  Vico,  Broraen,  D'Airdst^ 

*  In  the  diagram,  to  prevent  conftision,  the  orbits  of  the  different  comets 
are  indicated  by  dotted  or  broken  lines  of  different  kinds. 
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Biela,  and  Faje.    The  elliptic  elements  of  the  others  may,  so  fat 
as  is  at  present  known,  hare  been  e&ced  by  diatorbing  caoaes. 

794.  9iavrAm  •f  Ukm  orbita  of  tifc«  ^Illvitlfi  ttMiMti  wlMse 
mean  dlataneea  are  aearlar  equal  to  Uuu  of  Vraana. — ^fy- 

Fig.  109. 


109  is  presented  a  plan  of  the  orbits,  g-iven  in  Table  Xn.,hronght 
upon  a  common  plane,  and  drawn  acoordinff  to  the  scale  indicated, 
in  like  manner  to  that  exhibited  in^.  ,  ^g  j,y^^  diagnun^.  1 09, 
shows  in  a  manner  sufficiently  exact  fop  the  purposes  of  illustra- 
tion, the  relative  magnitudes  and  the  fbrma  of  Se  six  orbits,  as 
well  as  the  directions  of  their  several  axe«  with  relation  to  that  of 
the  first  point  of  Aries. 
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795.  maaetmrj'  oliAr»et«rs  mre  wtmmHj  eflMed  ia  thie 
•rtoita. — B7  comparing  the  elements  given  in  Table  YIL,  and  the 
forms  and  magnitudes  of  the  orbits  ^own  in  the  diagram,  with 
those  of  the  fint  group  of  elliptic  comets  given  in  Table  YI.,  and 
drawn  in  Jig,  108,  it  will  be  perceived  that  the  planetary  charac- 
teristics, notic^  in  the  latter  groups,  are  nearly  effitoed.  !Flve  of 
the  six  comets  composing  the  second  group,  revolve  in  the  common 
direction  of  the  planets,  and  this  is  the  only  planetary  character 
observable  among  them.  The  inclinations  are  no  longer  limited  to 
those  of  the  planetary  orbits,  and  range  from  18^  to  74^.  The 
excentricities  are  all  so  extreme,  that  the  arc  of  the  orbit  near 
perihelion  approximates  closely  to  the  parabolic  form,  and  finally, 
the  most  remarkable  body  of  the  group,  the  comet  of  Halley,  re- 
Tolves  in  a  direction  contrary  to  the  common  motion  of  the  pluiets. 
But  this  group  of  comets  diSeis  more  particularly  in  the  elongated 
oval  form  of  their  orbits,  from  thosQ  of  the  planets,  and  even  from 
those  of  the  nearer  group  of  comets.  While  their  perihelia  are  at 
distances  from  the  sun  between  those  of  Mars  and  Mercury,  their 
aphelia  are  from  two  to  five  hundred  millions  of  miles  outside  the 
orbit  of  Neptune.  For  example,  the  comet  of  Halley  in  perihelion 
is  at  a  distance  from  the  sun  lees  than  that  of  Venus;  but  at  its 
aphelion,  its  distance  exceeds  that  of  Neptune  by  a  space  greater 
than  the  distance  of  Jupiter  fix)m  the  sun.  The  mean  angular 
motion  of  this  comet  is  nearly  the  same  as  that  of  Uranus,  but  its 
angular  motion  in  perihelion  is  three  lintes  that  of  Mercury,  while 
in  aphelion  it  amounts  to  little  more  than  a  half  that  of  Neptune. 

The  corresponding  variations  of  solar  light  and  heat,  and  of  the 
apparent  magnitude  and  motion  of  the  sun  as  seen  from  the  comet, 
may  be  easily  inferred. 

In  comets  of  great  excentricily  and  long  period,  in  which  the 
dliptic  form  of  the  orbit  has  been  establidbed,  the  periodicity  has 
not  yet  in  any  instance  been  certainly  established  by  observations 
made  upon  their  successive  returns  to  perihelion ;  notwithstanding 
this,  however,  the  observations  made  upon  them  during  a  single 
perihelion  passage,  indicate  an  arc  of  their  orbit  which  eidiibits  the 
elliptic  form  so  unequivocally,  as  to  supply  mathematicians  and 
computers  with  the  data  necessary  to  obtain,  with  more  or  less 
approximation,  the  value  of  the  excentricity,  which,  combined  with 
the  perihelion  distance,  gives  the  form  and  magnitude  of  the 
comet*8  orbit 

By  calculations  conducted  in  this  manner,  and  applied  to  the 
observations  made  on  various  comets  which  have  appeared  since 
the  latter  part  of  the  seventeenth  century,  the  elliptic  orbits  of 
between  twenty  and  thirty  of  these  bodies  have  been  computed. 
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796.— Taue 

SYNOPSIS  OF  THE  MOTION  OF  THE  ELLIPTIC  COMETS, 

THAT  OF 


I 

Nai»^  of  Com«t. 

MoBiDistanor 
from  Sun. 
Barth*f»i. 

Excen. 
triacjr. 

DisUnce. 
Barth**-.!. 

AphHkM 
Duunn. 
Earth'.«i. 

MoCioB. 

a 

e 

«X(l-tf) 

«X(l+tf) 

A 

Westplua(l852)    . 
Pom  (1812)     -    - 
DeVico(i846)     - 
Olbera  (1815)  .    . 
Bronen  (1847)      > 
HaUey   .... 

16-6200 

'70955 
17-5386 

17-6338 
'77795 
« 7-9875 

0-9248 
0-9545 
09544 
0^312 
0-9726 
0-9674 

1*2510 

0777* 
0*6631 
1*2129 
0*4879 
05866 

31-9700 
33*4140 
34-35'o 
34-0550 
35-0710 
35-3660 

■r 

S»-4 
507    , 
48-4    i 
47-9 
47-3 
46-3 

797.  JMstribiMoa  of  thm  eomettatj  orbits  In  u^mtbrn* — Is 

reviewing  the  vast  maas  of  data  collected  by  the  labours  of  ob- 
aervers,  ancient  and  modem;  which  is  considered  sufficiently 
trustworthy  to  admit  of  classification,  it  is  natural  to  look  for 
some  eyidence  of  a  prevalent  law  in  the  motions  of  these  bodies. 
The  absence  of  all  analogy  to  the  planetary  orbits,  except  in  the 
case  of  the  group  of  elliptic  comets  of  short  period,  has  be^  shetAj 
indicated ;  but  although  no  analogy  to  the  planetary  motions  may 
exbt,  it  does  not  follow  that  the  oometaiy  motions  may  not  be 
governed  by  some  laws  of  their  own,  the  nature  and  character  of 
which  can  only  be  discovered  by  caref^y  conducted  induction. 

798.  XolatlTO  Bvmbors  of  diroot  aad  rotroffvade  oooMto.— 
It  has  been  shown  that  of  the  twenty  comets  included  in  Tables  VL 
and  VII.,  which  possess  in  the  most  marked  degree  the  pUn^aiy 
character,  one  only  is  retrograde. 

To  ascertidn  whether  traces  of  the  same  law  are  discoverable  in 
the  other  classes  of  comets  having  elliptic  orbits  of  long  period  or 
parabolic  orbits,  it  is  necessary  to  examine  the  direction  of  those 
whose  orbits  have  been  computed.  Taking,  therefore,  203  cometA 
of  which  the  direction  is  ascertained,  it  is  found  that  the  number 
of  those  having  direct  motion  is  104  and  those  having  retrograde 
motion  99.  It  must  therefore,  be  concluded  that,  notwithstanding 
the  considerable  number  of  comets  whose  motions  have  been  ob- 


SYNOPSIS  OF  THE  SOLAR  SYSTEM. 


491 


WHOSE  MEAN  DISTANCES  ARE  NEARLY  EQUAL  TO 

CJRANUS. 


Period  in 
Yeari. 

Longitude  of 
PerlbeUon. 

P 

«■ 

67770 

43    12    16 

70068 

9a    18  44 

73-150 

90  34  46 

74-050 

149     1  56 

74-970 

79  "  46 

76680 

304  31  32 

Longitude  of 

Ascending 

Node. 


Inclination  of 
Orbit. 


346  13  25 
253   I   2 

77  35  36 

83  28  34 

309  48  49 

55  9  59 


40  58  32 
73  57  3 
84  57  13 
44  *9  55 
19  8  25 

17  45     5 


Mean  Time  of  Pierihelioa 
Passage. 


Green wicl)  Mean  Time. 


1852  Oct 
I 812  Sept 

1846  March 
1 81 5  April 

1847  Sept. 
1835  Nov. 


12 


15       8 

5     H 
25    23 


9 
»5 


Direc- 
tion of 
Motion. 


D 
D 
D 

D 
D 
R 


served,  no  general  trace  of  anj  law  goyeming  the  direction  of 
motion  is  discoverable. 

799.  XnoUnatioii  of  the  orbits.—  There  are  evident  indications 
of  a  tendency  of  the  planes  of  the  cometaiy  orbits  to  collect  round 
a  plane  whose  inclination  to  the  plane  of  the  ecliptic  is  45^,  or  if  a 
cone  be  imagined  to  be  formed  having  a  semi-angle  of  45^,  and  its 
axis  at  right  angles  to  the  plane  of  the  ecliptic,  the  planes  of  the 
cometary  orbits  betray  a  tendency  to  take  the  position  of  tangent 
planes  to  the  surface  of  such  a  cone. 

800.  Bistrlbntioii  of  tbo  points  of  perlbolion. — Considering 
how  much  the  visibility  of  a  comet  from  the  earth  depends  on  its 
perihelion  distance,  and  that  beyond  a  certain  limit  of  such  dis- 
tance a  comet  cannot  be  expected  to  be  seen  at  all,  it  cannot  be 
thought  that  the  law,  if  any  such  there  be,  which  governs  the  dis- 
tribution of  the  points  of  perihelion  round  the  sun,  can  be  discovered 
with  any  degree  of  certainty.  Nevertheless  it  will  not  be  without 
interest  to  show  the  distribution  of  the  points  of  perihelion  of  th^ 
known  comets  in  relation  to  their  distances  firom  the  sun. 

If  the  centre  of  the  sun  be  imagined  to  be  surrounded  by  spheres 
haying  semi-diameters  increasing  successively  by  a  constant  incre- 
ment of  20  millions  of  miles,  the  number  out  of  eveiy  hundred 
known  comets  whose  perihelia  lie  between  sphere  and  sphere,  will 
be  as  follows :  — 
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Number  of  PariktKa. 

Within      20     millions        •       •        ,        •        •        8*65 

Between    20  and  40     ..•••.  1170 

40    „    60 20-30 

60    „    80 1720 

80   „  100 2080 

100   „  120 865 

120    „  140 455 

140    „  160 4-05 

160     „   180 2-00 

180     ,,220 1-55 

220     „  420       ......  0-55 

lOO-OO 


It  ifl  evident  that  the  small  propoii^n  of  the  perihelia  wiiich  lie 
outside  the  sphere,  whose  radius  is  1 20  millions  of  nules,  most  be 
ascribed  to  the  fact  that  comets  moying  in  such  orbits  will  mostlj 
escape  observation;  but  it  may,  perhaps,  be  assumed  that  th^ 
comets  whose  perihelia  lie  witldn  a  sphere  through  the  earth's 
orbit  have  nearly  equal  chances  of  being  observed.  If  this  be 
assumed,  then  it  will  follow  that  the  nimibers  of  such  comets  which 
have  been  observed  are  nearly  proportional  to  their  total  numbers, 
and  therefore  that  the  numbers  within  this  limit  in  the  preceding 
table  do  actually  represent  approximately  the  distribution  of  tiie 
points  of  perihelia  round  the  sun. 

If  we  compare  then  the  number  of  perihelia  situate  between  tie 
equidistant  spheres  indicated  in  the  preceding  table  with  the  cubical 
spaces  through  which  they  are  respectively  distributed,  we  shall 
obtain  an  approximate  estimate  of  the  density  of  their  distribution 
in  relation  to  the  distances  from  the  sun.  We  have  computed  the 
following  table  with  this  view.  In  the  second  column  is  given  the 
number  of  comets  per  cent,  whose  perihelia  are  included  between 
the  equidistant  spheres ;  in  the  third  colimm  the  numbers  express 
the  cubical  spaces  between  sphere  and  sphere,  the  volume  of  the 
sphere  whose  radius  is  20  millions  of  miles,  being  the  cubical 
unit;  and  in  the  fourth  column  the  numbers  are  the  quotients  of 
those  in  the  second  divided  by  those  in  the  third,  and  therefore 
express  the  successive  densities  of  the  perihelia  between  sphere 
and  sphere. 
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o    to     20 

Number  of 
Perihelia. 

Cubical  Space. 

D(>nritT  t«f 
Perihelia. 

865 

I 

865 

»o    „      40 

1 1 70 

7 

167 

40   „     60 

20*30 

19 

ro6 

60    „       go 

1710 

37 

0-47 

«o    „     100 

2o*8o 

61 

0-34 

100    „    120 

8-65 

9> 

0095 

It  is  evident  then,  that  the  densitj  of  the  perihelia  increases 
rapidly  in  approaching  the  sun.  If  the  nambers  in  the  last  column 
of  the  table  be  compared  with  the  inverse  powers  of  the  distance, 
it  will  be  found  that  this  increase  of  density  is  more  rapid  than  the 
inverse  distance,  but  less  so  than  the  inverse  distance  squared. 

800  a.  Bnwested  ooimeotioii  between  oomete  aad  me- 
ftaorolitee.— The  successful  observation  of  the  great  display  cf 
meteors  on  the  night  of  November  13-14,  1866,  has  drawn  the 
attention  of  several  astronomers  to  the  possible  origin  of  this  class 
of  coemical  bodies.  M.  Schiaparelli,  of  Milan,  in  a  series  of  letters 
to  M.  Secchi,  has  exhibited  several  apparent  analogies  between 
the  orbits  of  comets  and  meteorelites,  and  he  has  considered  that 
this  possible  connection  may  be  a  fair  assumption,  if  we  can  imagine 
the  existence  of  united  systems,  in  which  an  accumulation  of  small 
bodies  might  be  congregated  around  one  or  more  nuclei  of  greater 
magnitude. 

From  an  examination  of  M.  Schiapar^lli's  speoulations,  we 
gather  that  if  a  mixed  system  of  this  kind  were  brought  near  us, 
by  the  attraction  of  the  sun,  under  the  form  of  a  parabolic  ring, 
the  parabolas  described  by  the  principal  bodies  ought  to  differ  but 
slightly  from  the  parabola  described  by  the  ring  of  the  smaller 
ones.  This  is  evident,  because  the  ring  is  formed  by  an  infinite 
number  of  parabolas  massed  together,  in  the  midst  of  which  is  the 
parabola  of  the  principal  body.  Consequently,  when  we  find  a 
meteoric  ring,  the  elements  of  whose  orbit  are  identical  in  magni- 
tude and  position  with  thope  of  any  comet,  we  may  naturally  infer 
that  the  comet  forms  part  of  that  ring,  and  would  be  one  of  its 
constituent  members. 

According  to  this  hypothesis,  M.  Schiaparelli  has  determined 
the  elements  of  the  parabolic  orbit  described  in  space  by  the  ring 

K  K  2 


Blunrau  of  the  Angoat 

EI«iifntoorCoawtIL 

186a. 

.     1866  J1U7  23-61 

1861  Aug.  22  9 

.        „    Aug.  I07S 

... 

.        .      343°»8' 

344*^41' 

Mle    .      i|S    16 
.       .       64     3 

137   *7 

66    25 

09643 

0*9626 
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of  meteorolites  of  Augiist  10.  The  lesolts  were  found  to  agni 
aensiblj  with  the  elements  of  the  great  comet  of  1 862,  from  1^ 
latest  calculation  of  M.  Oppolser.  They  can  be  beat  compared  by 
placiBg  the  two  seta  of  elements  side  by  side  as  follows : — 


Perihelion  puiagB     • 
Ascending  Node  psMtge 
Longitude  of  Perihelion 
Longitude  of  Aeoending  Node 
Inclination  of  Orbit 
Perihelion  diatanca 

Motion  retrograde.    Motion  retrograde. 

From  elliptic  elements  by  M.  Stampfer,  the  period  of  the  comet 
is  found  to  be  1 1 5  years*  M.  Schiaparelli  haa  shown  from  records 
of  extraordinary  showers  of  meteors,  that  the  period  of  the  August 
ring  does  not  differ  from  the  above  to  any  great  ext^it.  He 
remarks :  '*  We  see  that  the  two  systems  of  elements  differ  between 
themselyes  <mly  by  such  quantities  which  might  be  easily  attributed 
to  a  want  of  precision  in  the  detennination  of  the  position  of  the 
node  of  the  meteorolites,  or  to  that  of  their  point  of  diyergence. 
I  fbd  even  that  in  making  slight  changes  in  the  co-ordinates  of 
this  pointy  most  of  the  differences  simost  entirely  dis^pear.  I 
have  then  come  to  the  conclusion,  that  the  great  comet  of  1 862 
is  no  other  than  one  of  the  August  meteors,  and  it  is  probably  the 
most  considerable  of  them  alL" 

K  the  opinion  expressed  by  M.  Schiaparelli  be  not  bonie  out  by 
subsequent  investigations,  it  must  be  acknowledged  that  the  co- 
incidence is  Texy  remarkable.  No  elements  of  any  known  comet, 
however,  have  been  found  to  agree  with  those  of  the  November 
ring  of  meteorolites.  It  is  assumed  that  this  group,  having  com- 
paratively so  short  a  period,  might  not  have  sny  considerable 
nudeiis,  or  if  there  had  been  one,  that  it  has  become  invisible 
to  us.  M.  Le  Verrier  has  also  published  some  remarks  on  this 
subject,  his  hypothesis  being  something  analogous  to  that  of  M. 
Schiaparelli  He,  however,  merely  shows  the  possibility  of  his 
leasomng,  without  committing  himself  to  any  positive  assertions.* 

*  Since  the  publication  of  these  researches,  Dr.  C  A  F.  Peten,  of 
Altona,  has  pointed  out  the  remarkable  fact  that  the  elements  of  the  oibit 
of  Comet  L  1866,  are  neariy  identical  with  those  of  the  orbit  <tf  the 
Norember  ring  of  meteorolites^  as  computed  by  M.  Schiaparelli. 
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The  following  brief  abetracts  and  notes  of  some  of  the  principal 
processes  and  researches  which  have  occupied  the  attention  of  m^ 
tronomers  during  the  last  few  years,  will,  in  some  cases,  give  the 
peculiarities  of  the  subject  in  fuller  detail  than  can  be  found  in 
the  preceding  pages. 

80 1.  Beacrlptloii  and  ium  of  tlie  Oreanwl^  ohroiio- 
gimpli. — On  page  1 8,  we  have  briefly  described  ihe  general  me- 
thod of  observing  transits  by  eye-and-ear  with  the  transit  instru- 
ment, and  we  have  also  mentioned  that  in  many  observatories 
transits  are  now  observed  by  the  chronographic  method.  As  the 
registration  of  transits  by  the  chronograph  has  become  the  ordi- 
naiy  method  in  the  daily  observations  at  the  Royal  Observatory, 
and  as  the  adoption  of  the  system  becomes  every  year  more  genend, 
we  believe  that  a  detailed  description  of  the  apparatus  will  be  ac- 
ceptable. It  may  be  remarked,  that  different  plans  of  construction 
have  been  used  at  different  places,  but  the  leading  principle  is 
the  same  in  oil.  The  Greenwich  instrument  may  tiierefore  be 
taken  as  a  general  type  of  the  others. 

The  chronograph  consists  of  two  distinct  portions,  a  recording 
cylinder,  and  a  dock  for  driving  the  cylinder.  Since  the  flow  of 
time  is  uniform,  the  cylinder,  which  is  covered  with  paper  for  the 
reception  of  the  record,  must  also  torn  uniformly.  The  dock  (used 
solely  for  driving  the  cylinder)  is  therefore  provided  with  a  pen- 
dulum having  conical  motion.  Uniform  motion  is  thus  obtained. 
By  the  side  of  the  cylinder  two  long  screws  are  placed.  These  are 
turned  slowly  by  the  doek.  On  the  screws  a  frame  travels  carrying 
the  recording  apparatus.  This  consists  of  two  electro-magnets, 
each  of  which,  l^  attracting  an  armature,  causes  a  steel  point  to 
puncture  the  paper  on  the  cylinder.  Now,  in  the  transit-dock 
means  are  provided  for  closing  a  galvanic  circuit  at  each  beat  of 
the  pendulum.  Wires  from  the  dock  pass  to  one  of  the  electro- 
magnets of  the  chronograph.  At  every  beat  of  the  pendulum  of 
the  trannt-clock,  therefore,  a  galvanic  current  flows  to  the  electro- 
magnet, its  armature  is  pulled,  and  a  puncture  made  in  the  paper 
on  the  cylinder.    As  tiiese  punctures  are  made,  the  recording 
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frame  is  travelling  in  a  direction  parallel  to  the  axis  of  the  cylmtef 
the  punctures  therefore  form  a  spiral  row  of  dots  from  one  end 
of  the  cylinder  to  the  other.    Once  each  minute,  no  contact  is 
made  hj  the  transit-dock;  the  omission  of  the  corxespondizig 
puncture  marks,  with  certainty,  the  commencement  of  eacdi  minute. 
fVom  the  second  of  the  two  electro-magnets,  wires  pass  to  the 
transit-circle,  the  altazimuth,  and  the  great  equatorial    The  ob- 
servations made  with  these  three  instruments  may  therefore  be 
registered  simultaneously.    An  ivory  key,  or  contact-piece,  is 
placed  on  the  eye-end  of  the  trsnsit-cirde  and  equatoirial,  and 
within  reach  of  tiie  observer  with  the  altazimuth.    As  the  object 
to  be  observed,  say  a  star,  becomes  Insected  by  each  wire  in  soo- 
cession,  the  observer  completes  the  circuit,  by  pressing  the  contact- 
piece,  which  causes  corresponding  records  to  be  made  on  the 
revolving  cylinder  between  the  seconds'  punctures  of  the  transit^ 
dock.    This  completes  the  observation.    It  is  now,  however, 
necessary  to  identify  the  proper  punctures  for  each  observatioik 
This  OS  never  performed  tiU  the  following  morning.    It  is  the  duty 
of  an  assistant  to  mark  the  time  corresponding  to  the  transk-clock 
punctures ;  the  names  of  the  objects  observed  on  the  preceding 
evening  are  also  marked  on  that  part  of  the  paper  at  which  eadi 
transit  is  recorded.  The  time  of  transit  over  each  wire  is  then  read, 
and  entered  into  the  transit-book,  which  is  finally  handed  over  to 
the  computer  for  the  systematic  reduction  of  the  observations.  The 
cylinder  is  large  en6ugh  to  contain  five  or  six  hours  of  continuous 
work.    When  the  paper  on  one  is  filled  with  punctures,  anoth^ 
ia  substituted,  there  being  five  in  reserve.     After  the  obser- 
vations have  been  read  off  as  described,  the  paper  is  removed 
from  the  cylinder  and  carefully  preserved  in  the  ardiives  of  the 
Observatory. 

The  Greenwich  chronograph  has  been  in  constsnt  use  since  the 
year  1854.  Among  Hie  great  advsntages  of  the  chrcmographic 
method  of  recording  transits  are :  i .  That  the  record  is  unqueetioD- 
ably  free  from  doubt ;  as  it  is  sent  by  the  observer,  so  it  per- 
manently remains.  2.  That,  by  this  method,  the  transits  xnade 
with  several  instruments  are  all  referred  to  one  dock,  thus  avoid- 
ing the  necessity  of  making  comparisons  between  the  time  as 
shown  by  different  clocks.  3.  That  greater  accuracy  is  obtained 
over  the  old  method,  as  can  be  seen  by  reference  to  the  numberB  on 
page  I9.^ 

*  For  an  account  of  the  comparative  accuracy  of  the  old  and  new  methods 
of  observing  transits,  the  reader  is  referred  to  a  paper  in  the  Montkfy 
yotice$  of  the  Royal  ABtronomieal  Society,  vol.  xxiv.  p.  15s,  **  On  the  pro- 
bable error  of  a  meridional  transit  observation  by  the  *  eye  and  ear,'  and 
cbronogniphic  methods."    By  Edwin  Donkin,  F.BJLS. 
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802.  Sedaetton  of  meridional  obserratioiw. — In  paragrapli 
2  3  e^  ieq,  we  have  briefly  described  the  general  construction  and 
use  of  meridional  instruments,  and  have  also  explained  the  usual 
adjoBtments  required  before  they  can  be  used  for  astronomical  ob- 
Berrations.    The  final  adjustments  are,  however,  frequently  made 
&bout  the  time  of  observation,  and  corrections  for  the  errors  of 
collimation,  level,  and  azimuth  of  the  transit  instrument  are  always 
applied  in  the  reductions,  as  will  be  seen  below.    As  inquiries  are 
often  made  on  this  subject,  we  consider  it  will  be  probably  useful 
to  the  amateur  computer  if  we  now  add  complete  examples  of  the 
reduction  of  an  actual  observation  of  a  star,  on  the  meridian  of 
Oreenwich,  made  with  the  transit-circle.    It  will  tend  to  clear- 
ness if  we  make  our  reduction  a  fac-mmile  of  that  contained  in 
the  archives  of  the  Royal  Observatory,  beginning  with  a  transit 
observation. 

d.   b.  m. 
Approximate  Solar  Time  .       .       .    1864  Nov.    9  22  5a 

Name  of  Object Arcturus. 

Approximate  N.P.D.  of  Object .       .    70P  6' 
Obsenrer    .       .       .       .       .        .    D. 

Beading  of  Transit  Micrometer        .    31000. 

h.   m.   1. 

9'4 

12-5 

15-4 
183 
•  .  .  H'» 
300 
329 
36-0 
14    9    388 


Transit  over  separate  wires 


Correction  to  central  wire  . 
Observed  Transit 
Collimstion  Error  -3"7i  . 

Level  Error  +  xo''73  . 

Azimnthal  Error  —  3"*69   . 
True  Transit  over  Meridian 
Clock  slow  at  o^  Sidereal  preceding 
Adopted  Losing  Bate  — o>  40    . 
Obsbbvbd  B.A.  or  Object    . 
Star's  correction  with  sign  changed 
Obsbbved  Meajt  B.A.  Jam.  i,  1864 


9)a'7-5 
2416 
—  005 


14.    9    i7-54 
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In  the  preceding  obeervation  the  three  instrumental  errom  wmt 
obtained  as  follows : — 

CMmatum. — ^The  coefficient  of  this  error  (26)  is  dail  j  detemuBed 
bj  the  obserration  of  the  ooincid^ioe  of  the  transilndicle  middle 
wire  with  wires  placed  in  the  eye-end  of  two  opposite  telesoopee, 
or  collimators,  whose  object-glasses  are  turned  towards  the  centre 
of  the  instrument,  the  collimator  wires  having  been  pieTiooalT 
adjusted  on  each  other.  In  practice  it  is  usual  to  leave  the  micro- 
meter of  the  transit-telescope  at  some  cooyenient  reading,  near  to 
that  for  the  true  line  of  collimation,  the  difference  of  the  two  read- 
ings being  the  error  of  coUimation.  The  numerical  cofrectioD  to 
the  observations,  in  seconds  of  time,  is 

Error  of  coUimation  x .  '^^^w 

i5smN.P.D. 

Level.  ^The  error  of  level  (25)  is  ascertained  by  the  nse  of  an 
eye-piece  invented  by  M.  Bohnenberger,  consisting  of  three  lenses 
and  a  transparent  glass  reflector,  the  surface  of  which  is  placed  at 
an  angle  of  45**  with  the  axis  of  the  eye-piece.  The  observation  is 
made  as  follows:  The  telescope  is  plao»i  in  a  vertical  position 
with  the  object-glass  downwards,  a  trough  of  quicksilver  being 
directly  imder  the  object-glass.  By  this  means  the  images  of  the 
central  wire  are  viewed  by  reflection  and  direct  vision  at  the  same 
time.  The  two  images  are  then  made  to  coincide  by  turning  a 
micrometer  screw,  six  readings  being  generally  taken.  The  differ- 
ence between  the  mean  of  all  the  micrometer  readings  and  that 
adopted  for  the  true  line  of  coUimation  of  the  telescope  is  the 
error  of  level.  The  error  in  terms  of  micrometer-reading  is 
then  converted  into  seconds  of  arc  for  use  in  the  reductions.  The 
numerical  correction  for  each  observation  is 

Error  of  level  X  ^  zenith  distance 
i5smN.P.D. 

Azimuth. — ^The  asdmuthal  error  (27)  is  obtained,  when  possible, 
by  the  comparison  of  the  observations  of  consecutive  transits  of 
Polaris  above  and  below  the  pole.  When,  from  cloudy  weather, 
a  single  observation  only  of  Polaris  is  made,  the  error  is  determined 
from  a  combination  of  ^e  observations  of  that  star  and  one  situate 
near  the  equator.  The  method  of  reduction  is  fully  explained  in 
the  introduction  to  the  Greenwich  OheervaHone.  ''The  letter  s 
being  put  for  the  azimuthal  error ;  the  time  of  true  transit  of  any 
star  consists  of  an  observed  time  with  an  additional  term  multiplied 
by  8,  and,  therefore,  the  dock-error,  as  given  by  comparison  of  that 
transit  with  the  star's  tabular  B.  A.,  contains  a  term  multiplied  by 
X.  The  clock-error  given  thus  by  a  star  near  the  pole  contains  a 
large  multiple  of  &     The  clock->error  given  by  a  star  far  from  the 
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pole  contains  a  small  multiple  of  2.  Equating  these,  with  proper 
allowance  for  the  rate  of  clock,  s  is  found.  The  combination  of 
•two  stars,  both  near  the  pole,  but  one  aboFe  and  the  other  below 
the  pole,  is  very  favourable,  as  both  factora  of  s  are  large,  but  have 
opposite  signs."  i  Ursss  Minoris  and  Cephei  5 1  (Hey.),  whose 
difference  of  right  ascension  is  about  twelve  hours,  are,  next  to 
Polaris,  the  most  valuable  stars  for  the  determination  of  the  azi- 
muthal  error.  The  following  examples  are  given  as  illustrations 
of  both  methods  of  reduction,  the  firat  being  1^  consecutive  transits 
of  Polaris. 

d.  h.  h.   m.     t.  t. 

1864.    Nov.  9  10.    Transit  of  Polaris    .        .       .    i  10  32'86_ 

922.    Transit  of  Polaris  S.P.     .       .  13  10  4477  _" '9' 
10  la    Transit  of  Polaris    .  .    11031-87    "^^ 

Mean       .        ■■  — 12*40 

3360       ^  ^ 
The  azimuthal  error  in  the  second  example  is  determined  from 
the  comparison  of  one  transit  of  Polaris  with  a  transit  of  an  equa- 
torial star,  t  Piscium. 

d.  b.  b.  m.       t. 


1864.    Nov.  8  10.    Transit  of  c  Pisciam 
R.A.  of  c  Pitcinm 


Rate  of  clock  -o' 

•40 

4-88 
00 

Clock  slow 

. 

4'88-«x  0*047 

d.  b. 

8  10.    Trandt  of  Polaris    . 
R.A.  of  Polaris 

• 

.      1   TO  33*96— t  X  I  628 
.      1    10  4309 

9I3-I-*  xx*628 

o  55  5*75 +«x 0047 
o  55  5763 


1-675 

The  fikctors  used  in  these  reductions  are  printed  in  a  tabular 
form  in  the  volume  of  Oremwich  Observations,  The  numerical 
correction  to  the  observed  transit  is 

Azimuthal  error  x  «^n  zenith  distance  south 
15  sinNP.D. 

By  the  application  of  these  three  corrections  to  the  observed 
dock-time  of  transit,  the  true  transit  over  the  meridian,  referred  to 
the  transit-clock,  is  found.  The  apparent  right  ascension  of  the 
object  is  then  easily  computed  by  applying  the  clock-error,  which 
-is  always  determined  from  the  obseorvations  of  special  stars,  whose 
tabular  places  are  known  with  considerable  accuracy. 

The  following  calculation  is  for  the  corresponding  observation 
of  Aicturus  in  zenith  and  north  polar  distance. 


Soo 
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d.  h.  B, 

Approximate  SoUur  Time     .       .       .  1S64.  Nor.  9  22  5a 

Name  of  Object Arctnnis. 

Approximate  RJL  of  Object  .  i4h.  9m. 

Mode  of  Observation   ....  Direct 

Wire  at  which  obaerration  was  made .  4. 

Obaerver D.  .    , 


Pointer 
Micrometer  reading  of  Microscope  A 
B 
C 
D 
E 
F 

Uneorrected  Mean  of  Microscopes 
First  Part  of  Correction  for  Runs 
Second  Part  +  ©''■301  for  100"  . 
Micrometer  Reading  and  Equivalents  21*435  ^^' 


31  15 


1*210 

1171 
1-249 
1*401 
1-336 


Correction  for  Flexnre,  and  Errors  of  Division 

Circle  Beading  at  Observation    . 
Zenith  Pdnt  Correction      . 


Apparent  Zenith  Distance  Sonth 
Befraction  (from  below)  . 

Tme  Zenith  Distance  South 
Colatitade 

Obsbbyxo  North  Polar  Distamck 

Star's  Correction  with  Sign  Changed 

Mrav  N.PJ).  Jan.  i,  1S64 

From     /Barometer  and  B  (Table  i)  29*»-97 
Appendix  I  Thermometer  and  T  (Table  2)  ^f>'Z 


31  16  20*12 
.      1-60 

•«4 
10  21-64 
1273 

•15 
i-oi 

31  26  ST49 
7  4^44 

31  3*  43  93 

'     3^7^ 

31  35  20-63 

3S  31  21-80 

70    64243 
-"•74 

70    6  29*6^ 


*<>.     i 


Z  (Table  3) 


•03M5 
-05219 
1-47869 


Gr.  Obs.    Proportional  Parte ("3 

for  1853.  V  (21 


Log.  Refraction . 
Refraction . 


i;5M7 
3670 


The  Zenith  Point  correction  is  determined  from  observations  of 
the  direct  and  reflected  images  of  the  horizontal  wire,  combined 
with  those  of  the  direct  and  reflected  images  of  stars  made  at  the 
same  transit 

803.  Blsaeminatioii  of  Oreenwioli  maaa  ttme  flrom  tbe 
Bo j«l  Obaorwatorj,  Cfaroonwloli.— We  have  exhibited,  in  para- 
graph 80 1)  the  use  of  electro-magnetism  as  an  actiye  agent  in 
the  internal  daily  economy  of  the  Royal  Observatory;  in  the 
present  we  will  endeavour  to  show  how  it  is  also  used  for  the 
constant  dissemination  of  true  time  throughout  all  parts  of  the 
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Idngdoni.  This  sending  of  time  signals  has  become  of  considerable 
inaportanoe,  now  that  Greenwich  time  is  almost  eyeiywhere  adopted. 
The  parent,  or  normal,  dock  which  performs  the  whole  of  this 
daily  operation,  is  a  galvanic  dock  of  Shepherd^s  construction,  and 
was  erected  in  the  year  1852.  In  connection  with  it  there  are 
six  others  acting  in  sympathy.  The  pendulum  of  the  normal 
clock  determines  the  time  at  which  galvanic  currents  shall  circulate 
throughout  the  whole  system ;  thus  all  the  docks  advance  together, 
beat  for  beat,  and  all  depend  on  the  one  pendulum  of  the  normal 
clock.  One  of  the  sympathetic  docks  is  placed  in  the  external  wall 
of  the  Observatory,  another  in  the  chronometer  room,  two  in  the 
computing  room,  one  in  the  Astronomer  Royal's  dwelling-house, 
and  one  in  the  Royal  Hospital  school  the  wires  to  which  pass 
under  the  ground  of  Greenwich  Park.  The  normal  clock  also  sends 
galvanic  currents  at  every  second  of  time,  for  the  purpose  of  regu- 
lating a  dock  at  London  Bridge  railway  station,  as  well  as  others 
in  London^  on  the  prindple  patented  by  Mr.  R.  L.  Jones.  Every 
morning,  it  is  the  duty  of  the  superintendent  of  the  time  depart- 
ment to  see  that  the  normal  dock  indicates  Greenwich  mean  time 
exactiy,  for  which  purpose  he  makes  use  of  the  latest  available  ob- 
servations made  with  the  transit-cirde  (47).  As  the  whole  system 
depends  on  the  parent  clock,  acceleration  or  retardation  of  its  pendu- 
lum accelerates  or  retards  simultaneously  all  the  sympathetic  docks. 
This  delicate  operation  is  performed  by  the  assistant  in  the  most 
simple  manner.  A  bar  magnet  is  fixed,  vertically,  on  the  clock 
pendulum ;  underneath  a  fixed  galvanic  coil  is  plac^ad.  If  we  wish 
to  accderate  the  pendulum,  a  current  is  allowed  to  flow  through 
the  coil,  such  as  diall  attract  the  magnet ;  when  the  pendulum  is 
suffidentiy  accderated,  the  current  is  intercepted.  By  employing 
an  opposite  current  to  repel  the  magnet,  the  dock  is  retailed. 
The  correction  to  be  made  daily  is  generally  very  small,  and  is  the 
work  of  only  a  few  minutes.  The  normal  clock,  which  now  shows 
true  Greenwich  time,  is  ready  to  perform  its  part  in  sending  forth  its 
indications  throughout  the  length  and  breadth  of  the  luid.  The 
following  is  the  process :  A  galvanic  drcuit  is  closed  automatically 
by  tiie  dock  at  the  commencement  of  each  hour  exactiy,  causing 
currents  to  pass  by  one  wire  to  London  Bridge  railway  station, 
and  by  another  wire  to  the  principal  office  of  the  Electric  and 
International  Telegraph  Company  in  London.  The  currents  re- 
ceived at  London  Bridge  are  distributed  by  Mr.  Walker  to  stations 
on  the  South  Eastern  lines  of  railway ;  for  which  purpose,  tiie 
clock  already  mentioned  switches  the  necessary  wires  into  con- 
nection with  the  Greenwich  wire,  so  that  the  Greenwich  signal 
may  pass  on  uninterruptedly.  The  currents  received  by  the 
Electric  and  International  Telegraph  Company  are  distributed  by 
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them  in  London  and  the  ooimtiT.  Their  most  important  diitrib«- 
tioD  of  time  is  made  every  day,  at  lo  jl^m..,  by  means  of  an  eU(K 
rate  apparatus  designed  by  Mr.  C.  F.  Vazley.  A  few  seconds  beloR 
that  hour,  a  large  number  of  wires  are  switched  out  of  comieciMB 
with  thdr  respective  speaking  instruments,  and  into  comieetian 
with  certain  relays  on  which  the  Greenwich  current  acts.  What 
this  current  arrives,  relay  currents  pass  out  simultaneously  on  all 
the  wires  then  in  connection,  signals  being  received  as  te  as 
Brighton  in  the  south,  Lowestoft  in  the  east,  Cardiff  in  the  west^ 
and  Glasgow  in  the  north,  including  the  large  towns  of  Manchester, 
Birmingham,  Liverpool,  &c  At  one  o*clock  precisely,  the  curreDt 
from  the  normal  clock  discharges  the  Greenwich  time-ball ;  .at  the 
same  time,  the  current  to  London  Bridge  passes  by  one  of  the  South 
Eastern  Bailway  wires  to  Deal,  where  a  time-ball,  belonging  to 
the  Admiralty,  is  discharged  for  the  benefit  of  the  shipping  in 
the  Downs.  The  one  o'clock  current  to  the  Electric  and  Iirtsr- 
national  Telegraph  Company  drops  their  time-ball  at  Charhig 
Cross,  and  by  relay,  fires  time-guns,  one  at  Newcastie,  and  anotiier 
at  Shields.  Galvanic  currents  are  sent  every  hour  to  the  Geaeial 
Post  Office,  and  several  of  their  clocks  report  automaticaUy  theb 
condition  to  the  Observatory.  Hourly  currents  are  also  sent  to  the 
Great  Westminster  Clock,  for  the  guidance  of  the  attendant  This 
standard  dock  of  London  also  reports  daily  to  Gre^iwich.  It  is 
not  allowed  to  deviate  more  than  two  seconds  from  Greenwich 
time,  and  usually  its  error  is  much  lees. 

The  system  of  distributing  hourly  time-signals  from  the  Royal 
Observatory  was  commenced  in  the  year  1 852.  The  duuge  of  tius 
department  of  the  Observatory  has  been  intrusted,  by  the  As- 
tronomer Royal,  to  Mr.  Ellis,  whose  published  lecture  in  tiie  seventh 
volume  of  the  Horohgieal  Journal  contains  a  full  explanation,  wi^ 
diagrams,  of  every  instrument  and  process  used  in  the  dissemina- 
tion of  these  time-signals. 

804.  BUBsrenee  of  terrestrial  lonffltiidea. — The  exact  form 
and  dimensions  of  the  earth  have  been  an  important  subject  of 
research  by  some  of  our  principal  astronomers,  particularly  MM. 
Bessel,  W.  Struve,  and  Airy.  The  great  Russian  arc  of  parallel,  pro- 
jected  by  W.  Struve,  is  intended  to  extend  from  the  Onral  river  in 
eastern  Europe  to  the  island  of  Valencia,  Ireland.  This  great  geode- 
tical  achievement  is  now  nearly  concluded,  and  will  remain  as  a  last- 
ing monument  to  the  skill  and  energy  of  that  illustrious  astronomer. 

To  obtain  the  measure  of  the  earth  from  an  operation  of  this 
kind,  it  is  necessary  to  refer  the  length  of  the  arc  to  some  lineal 
measure,  as  an  Engb'sh  yard,  and  also  to  obtain  the  difference  of 
local  times  of  the  two  terminal  stations.    In  England,  the  tri- 
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angulation  of  the  country  between  Greenwich  and  the  island  of 
Valencia  has  been  completed  manj  years,  and  the  intermediate 
country  between  Greenwich  and  the  Oural  rirer  is  nearly  so*, 
the  actual  distance  between  the  two  distant  stations,  Valencia  and 
Orsky  will  therefore  soon  be  known  within  very  small  limits.  For 
the  determinaticm  of  the  difference  of  longitude  between  two  places, 
many  processes  have  been  employed  (120  d  seq.).  That,  however, 
^which  has  been  lately  adopted  is  by  the  transmission  of  galvanic 
signals,  the  local  time  of  each  being  observed  at  the  two  stations, 
in  a  idmilar  manner  to  that  briefly  described  in  1 22.  In  deter- 
mining the  difference  of  longitude  between  Orsk  and  Valencia,  it 
was  found  necessary,  on  account  of  the  great  length  of  the  arc, 
to  subdivide  it  into  sections ;  for  instance,  separate  determinations 
of  longitude  were  made  between  Valencia  aiui  Greenwich,  Green- 
wich and  Nieuport,  Nieuport  and  Bonn,  and  in  like  manner  between 
the  other  stations.  At  each  place,  temporary  observatories  were 
erected  for  the  convenience  of  tiie  staff  while  observing  the  galvanic 
aignals  and  the  necessary  transits  of  stars  for  clock-error. 

As  an  illustration  of  the  extreme  accuracy  with  which  these 
operations  are  performed,  we  need  cmly  refer  to  two  determinations 
of  the  longitude  of  Valencia,  made  under  the  direction  of  the 
Astronomer  RoyaL  The  first  was  obtained  in  1 844  by  the  re- 
peated transmission  of  a  large  number  of  chronometen,  by  railway 
and  car,  from  Greenwich  to  Valencia.  By  this  means,  the  lon- 
gitude of  thestation  on  the  hillGeokaun  was  found  to  be  41  ^ly'iy 
In  the  summer  of  1862,  the  operation  was  repeated,  but  this 
time  by  the  transmissicm  of  galvanic  signals  through  the  ordinary 
telegraph  wires.  On  this  occasion,  the  observatory  was  stationed 
at  the  village  of  Enightstown,  on  the  eastern  comer  of  the  island. 
The  resulting  longitude  is  4 1  '"9**8 1 .  The  two  stations  were  after- 
wards  geodetically  connected  by  Capt  A.  R.  Clarke,  R.E.,  the  in- 
terval of  longitude  being  13''56,  which  vrill  make  the  longitude 
of  thestation  on  the  hjXL  Geokaun  4i<"23*'37.  This  agreement 
is  very  satisfactory,  and  gives  confidence  to  both  determinations. 

The  success  of  the  submersion  of  the  Atiantic  cable  in  the 
summer  of  1866,  has  enabled  the  astronomer  to  determine  accu- 
rately the  difference  of  longitude  between  Valencia  and  Heart's 
Content,  Newfoundland.  In  October  and  November,  1 866,  this 
important  work  was  accomplished  under  the  direction  of  Dr.  Gould, 
of  Cambridge,  U.  S.  This  opportunity  was  taken  for  determining 
the  longitude  of  the  station  of  the  Atiantic  telegraph  cable  at 
Foilhommerum  bay.  The  observations  were  made  in  the  usual 
manner  by  transmitting  galvanic  signals  to  and  from  the  two 
stations.  The  difference  of  Icmgitude  between  the  two  ends  of  the 
Atlantic  cable  has  been  found  to  be  2^5 1''56''5,  and  that  between 
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Greenwich  and  Foillioimneram,  4i"33»*29.  The  longitade  tf 
the  latter  station,  indirectly  deduced  firom  the  determinatioii  mad» 
in  1844,  is  4i"*33**24y  and  from  that  in  1862,  4i"33*-38« 

805.  Tbe  moyml  ObMrwrntarr  mnd  tHa  Attentie  eaUla.— It 

is  not  out  of  place  to  record  here  the  intimate  connection  of  tiie 
astronomical  ohservers  at  Greenwich  with  the  snocess  of  the  At- 
lantic submarine  telegraph.  This,  at  first  sight,  appears  stnmge, 
but  it  is  no  less  true  that  the  results  of  their  nightly  ofaservmtiaDS 
were  statedly  forwarded  to  that  active  group  of  individuals  aflaem- 
bled  on  board  the  Great  Eastern  steamship.  One  of  the  moat  im- 
portant duties  performed  during  the  progress  of  submerging  the 
cable,  was  the  daily  determination,  by  astronomical  observatjons, ' 
of  the  exact  position  of  the  ship,  measured  by  the  oo-ordinmtes  of 
latitude  and  longitude.  Now,  to  obtain  the  latter,  the  best  astro- 
nomical observations  would  be  of  littie  avail,  unless  true  Green  wieh 
mean  solar  time  was  known  on  board.  This,  in  ordinary  caaes^  is 
obtained  by  means  of  one  or  more  chronometers,  the  errors  of 
which  are  determined  with  considerable  accuracy  before  leaving 
England,  by  comparison  with  some  normal  dock  kept  to  time  br 
the  observations  of  transits  of  stars  in  a  fixed  observatory.  As 
each  chronometer  has  its  own  peculiar  gaining  or  losing  daily  rate, 
true  Greenwich  time  is  found  from  day  to  dieiy  by  the  application 
of  this  rate,  until  an  oj^rtunity  arises  for  a  fresh  compaiison  -with 
some  observatory  dock.  In  ships  where  several  chronometers  are 
employed,  the  mean  result  is  suffidentiy  accurate  for  ordinary  pur- 
poses of  seamanship.  During  the  time  of  laying  the  Atlantic  cable, 
however,  it  was  necessary  to  know  the  exact  position  of  the  ship 
with  more  than  ordinary  precision.  Hence  the  knowledge  of  tnie 
Greenwich  time  became  a  matter  of  necessity.  Arrangements  were 
therefore  made  by  the  Astronomer  Royal  and  the  Tdegiaph  com* 
panies  for  the  transmission  of  daily  signals,  at  frequent  intervals, 
from  the  Royal  Observatory.  In  paragraph  803  we  have  given 
a  brief  and  general  account  of  the  dissemination  of  the  C^reenwidi 
time-signals  over  Great  Britain.  On  this  occasion,  the  signals 
were  sent  to  Foilhommerum,  Valencia,  through  the  ordinary  tele- 
graphic wire,  and  then  passed  through  the  whole  of  the  cable,  and 
through  the  coils  of  a  delicate  galvanometer  attached  to  tiie  oppo- 
site end.  On  this  instrument  the  signals  were  observed  almost 
instantaneously  after  leaving  Greenwich.  It  can  thus  be  seen  that 
from  the  time  of  departure  of  the  Great  Eastern  from  the  western 
coast  of  Ireland  to  her  arrival  at  Heart's  Content,  Newfoundland, 
the  authorities  on  board  were  alwa3rs  in  possession  of  Greenwich 
mean  solar  time,  determined  from  observations  made  on  the  pre- 
ceding evening  with  the  transit-drde  of  the  Royal  Observatory. 
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806.  Cleodetieal  measurement  of  the  Barth. — ^The  numbers 
contained  in  the  following  table  are  frequently  useful  in  astrono- 
mical investigations. 


IjaUtode. 

Earth's  Radiiis, 
Eqaatorlal  »  1. 

Degree  of  Meridian 
InSngUahFeet. 

Degree  of  Parallel 
in  BngUah  Feet. 

0   / 
0  0 

1*00000 

36274833 

365185-71 

5  0 

099995 

362775*91 

36380529 

10  0 

099990 

362857*86 

35967392 

15  0 

099978 

362991*74 

352821*19 

20  0 

0-99961 

363173-57 

343296-36 

25  0 

099941 

36339r93 

331168*10 

30  0 

099917 

36365814 

316524*29 

32  30 

099904 

363799*29 

308291*66 

35  0 

0*99891 

36394640 

299471*60 

37  30 

099877 

36409836 

290080*28 

40  0 

0*99863 

36425404 

280135*01 

42  30 

099848 

364412*24 

269654*19 

45  0 

0-99834 

364571*77 

258657-25 

47  30 

0*99819 

36473i*4» 

247164*66 

50  0 

0*99805 

364889*96 

23519790 

^i  30 

099796 

364984*06 

»a7799-54 

52  30 

0*99790 

365046*20 

222779*41 

55  0 

099776 

365198*93 

209932*55 

57  30 

0*99763 

365346*99 

196681-57 

60  0 

099750 

365489*23 

18305159 

65  0 

0*99726 

36575194 

154758-95 

70  0 

0-99705 

365978-97 

125270*57 

75  0 

0-99688 

366163-30 

94812*70 

80  0 

0*99676 

36629921 

63620*07 

85  0 

099668 

366382*49 

3>933-97 

90  0 

099666 

366410*54 

00000*00 

In  the  preceding  table,  the  length  of  a  degree  of  an  arc  of  meri- 
dian and  of  parallel  has  been  converted  into  English  feet  from  the 
numbers  published  in  the  Berliner  Jahrbttch  for  1852,  where  the 
length  is  given  in  toises. 
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807.  Vew  detcmUnattoii  of  tlie  S«b*s  equatorial  b«ri- 
aeoua  |P<«^ii«»- — ^The  uncertainty  wlddi  had  been  thrown  on 
the  received  value  of  the  solar  paralUz  (8'''5776),  determined  V? 
M.  Encke  from  the  transit  of  Venus  in  1769  (546),  piincipallj  oa 
account  of  the  great  suspicion  attached  to  the  obaervationa  of  Father 
Hell,  ac  Wardhoe,  has  now  been  amply  confirmed  by  later  investi- 
gadona.  The  atteirtion  of  astronomers  was  first  drawn  to  thia  sub- 
ject in  the  year  1 854,  in  a  letter  of  M.  Hansen,  of  Gotha,  addressed 
to  the  Astronomer  BoyaL  M.  Hansen  found,  while  investigating 
the  lunar  theoiy  in  connection  with  the  formation  of  hia  new  tables 
of  the  moon,  that  the  parallactic  equation  exceeded  the  amount 
which  had  hitherto  been  assigned  to  it,  and  consequently  indicated 
a  greater  value  of  the  solar  parallax  than  that  generally  adopted. 
M.  Le  Venier,  in  his  reeeaichea  on  the  motion  of  the  earth  about 
the  sun,  deduced  8^^*95  as  a  quantity  neceaaaiy  to  satisfy  the 
obeervationa.  He  was  also  unable  to  reconcile  the  observed  places 
of  Venus  and  Mars  with  theory  without  making  a  similar  increaas 
in  the  parallax.  Now,  the  accurate  determination  of  the  coefficient 
of  soltf  panllax,  and  with  it  the  distance  in  miles  of  the  son 
from  the  earth,  has  always  been  a  problem  which  astronomers  and 
mathematicians  have  considered  one  of  the  noblest  of  the  scimce. 
For  upon  this  knowledge  of  the  sun's  distance  depends  eveiy 
measure  in  astronomy  beyond  the  moon ;  the  distance  and  dim»- 
sions  of  the  planets ;  and  also  the  distances  of  the  fixed  stars,  or, 
at  least,  of  those  whose  parallaxes  have  been  determined. 

All  our  principal  astronomers  have  agreed  that  the  observations 
of  the  transit  of  Venus  across  the  solar  disk,  are  the  best  means  of 
determining  this  important  problem,  and,  under  ordinary  circum- 
stances, we  might  have  been  contented  to  wait  for  the  approaching 
tran^ts  of  1874  and  1882,  before  attempting  to  revise  the  value 
found  from  M.  Encke's  researches.  The  advancement  of  theoretical 
astronomy,  however,  has  been  so  great  during  the  present  century, 
chiefly  by  the  use  of  the  lunar  and  planetary  observations  of 
Greenwich,  that  more  than  one  astronomer,  as  stated  above, 
has  been  able  to  announce  decidedly  the  necessity  of  considerably 
increasing  the  hitherto  adopted  value  of  the  sun's  parallax.  In 
1 857,  the  Astronomer  Royal,  who  has  always  taken  great  interest 
in  this  problem,  and  who  has  already  drawn  up  some  preliminaiy 
suggestions  for  the  observation  of  the  transit  of  Venus  in  1 874  and 
1882,  recommended  a  redetermination  of  the  value  indirectly  from 
observations  on  the  planet  Mars.  The  distance  of  Mais  from  the 
earth  in  i860  and  1862  was  about  its  nearest  point,  and  this  cir- 
cumstance was,  therefore,  particularly  favourable  for  the  determi- 
nation of  its  parallax.  By  concert,  a  series  of  meridional  zenith 
distances  of  Mars  and  neighbouring  stars  was  consequently  obsenred 
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at  seyenl  places  in  both  hemispheree,  a  list  of  comparison  stars 
having  been  specially  prepared  by  Dr.  Winnecke.  These  stars,  with 
the  planet,  were  systematically  observed  at  Greenwich,  Pulkowa, 
Washington,  Gape  of  Qood  Hope,  WilHamstown  in  Australia,  and 
at  Santiago. 

Another  method  proposed  by  the  Astronomer  Hoyal,  and  con- 
sidered by  him  to  be  superior  to  the  observation  of  meridional 
zenith  distances,  was  the  equatorial  observation,  at  any  single 
observatory,  of  the  displacement  of  Mars  in  right  ascension  when 
considerably  east  and  west  of  the  meridian.  Owing  to  unfavour- 
able weather  at  Ghreenwich,  and  also  on  account  of  the  position 
of  Mais  in  the  heavens,  ^e  observations  by  this  method  were 
comparatively  unsuccessfuL 

The  horizontal  solar  parallax  resulting  from  the  meridional 
observations  of  Mars  and  neighbouring  stars,  has  been  deteni&ined 
independently  by  Dr.  Winnecke,  of  Pulkowa,*  and  by  Mr.  Stone, 
of  Greenwich.t  Dr.  Winnecke  employed  the  observations  made 
at  Pulkowa  and  the  Gape  of  Good  Hope,  while  Mr.  Stone  used 
those  made  at  .Greenwich,  the  Gape  of  Good  Hope  and  Williams- 
town.  The  following  are  what  we  may  consider  the  modem 
values  from  which  the  newly  adopted  sun's  horizontal  parallax 
has  been  obtained. 

Hansen  (Moon's  Parallactic  Equation) .  .  8^*916 
Le  Verrier  (Solar  Tables)  .  .  .  .8  -950 
Winnecke  (Opporition  of  Mara,  1862)  .  .  8*964 
Stone  (Opposition  of  Mars,  1862)  ...    8  *943 

From  a  combination  of  the  Washington  and  Santiago  observations, 
the  late  Gaptain  Gilliss  also  obtained  a  value  considerably  in  excess 
of  that  of  Encke. 

The  preceding  evidence  having  been  considered  sufficiently  eon- 
dusive  as  to  the  necessity  of  a  considerable  increase  to  the  former 
adopted  value,  S'^'S??^?  Mr.  Airy  and  M.  Le  Verrier  definitely 
fixed  upon  S'^-g^  as  the  most  probable  angular  value  of  the  earth's 
semi-diameter  as  viewed  from  the  sun.  In  all  celestial  distances 
in  miles  given  in  this  volume,  we  have  used  this  value  as  the 
basis  of  our  calculation. 

The  diminution  in  the  sun's  distance  from  the  earth  of  nearly 
four  millions  of  miles,  may,  at  first  sight,  appear  to  some  as  a  fiaw 
in  astronomical  science.  Such,  however,  is  not  the  fact,  if  we 
consider  how  minute  the  correction  is  on  which  the  above  change 
depends.  In  the  words  of  the  Gouncil  of  the  Koyal  Astro- 
nomical Society,  we  may  say  that  '^  this  correction,  amounting  to 

*  Attrcmomitche  Nachriehten,  No.  1409. 
t  Memoir*  of  Hie  Royal  Aitronomical  Society,  vol.  xxxiil. 
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DO  more  than  two-fifths  of  a  second  of  arc,  thus  coriouslj  broroghi 
to  light  in  the  first  instance  bj  small  disturbances  in  the  motioQ 
of  the  moon  and  planets,  may  reasonably  inspire  astronomers  with 
additional  confidence  (if  that  were  needed)  in  the  exactness  of  thdr 
science,  and  in  the  fixedness  of  the  laws  which  bind  the  cosmos 
together.  And  if^  on  the  other  hand,  a  contrary  misgiTing  is 
created  in  other  minds  trom  the  fact  that  this  abrupt  alteration  of 
so  important  an  element  as  the  solar  parallax  implies  an  alteratioa 
of  some  four  millions  of  miles  in  the  sun's  reputed  distance  from 
our  earth,  this  misgiving  may  perbape  be  removed  by  the  oon- 
dderation  that,  after  all,  this  improvement  of  our  knowledge 
amounts  to  no  more  than  a  correction  to  an  observed  angle  re- 
presented by  the  apparent  breadth  of  a  human  hair  viewed  at  a 
distance  of  about  125  feet" 

808.  Teleaooplo  appMurmaee  of  tbe  solar  svrftMO. — ^The 
conjectures  occasionally  put  forth  in  elucidation  of  solar  physics, 
have  caused  great  attention  to  be  given  of  late  years  to  the  appear- 
ance of  the  solar  disk.  First  and  foremost  amcmgst  the  workers 
in  this  branch  of  astronomy,  the  name  of  Mr.  Carrington  comes  to 
our  mind,  as  the  author  of  a  valuable  series  of  solar  observations 
carried  on  with  the  most  perfect  regularity.  At  page  165  «^  teq, 
of  this  volume,  we  have  briefly  explained  the  generally  received 
theory  of  the  cause  of  solar  spots,  and  have  also  shown  that  their 
number  in  different  years  is  both  variable  and  irregular,  the  solar 
surface  being  sometimes  completely  divested  of  them,  while  at 
other  times  the  spots  are  spread  over  in  certain  parts  in  great  Bro- 
fusion.  We  have  also  stated  that  they  are  invariably  confined  to 
two  moderately  broad  zones  parallel  to  the  solar  equator,  the  two 
zones  being  separated  by  a  space  several  degrees  in  breadth. 
Glancing  at  the  numerous  illustrations  in  Mr.  Carrington's  volume^ 
the  reader  is  at  once  struck  with  the  pictorial  confirmation  of  this 
phenomenon  being  generally  xx>nfined  to  limited  portions  of  the 
sun's  disk.  Mr.  Carrington  has  investigated  the  possibility  of  the 
varying  number  of  solar  spots  being  connected  with  the  influence 
of  the  planet  Jupiter,  whose  changing  distance  might,  in  some 
measure,  determine  their  numbers.  He  has  also  continued  his  ob- 
servations through  a  whole  period  of  the  maximum  and  minimum 
frequency  of  the  spots,  which  he  discussed  with  the  object  of  dis- 
covering any  laws  to  which  they  may  be  subject  Mr.  De  La  Hue, 
assisted  by  MM.  Stewart  and  Loewy,  has  also  devoted  much  time 
to  the  registration  and  observation  of  solar  spots.  The  following 
are  a  few  of  the  conclusions  to  which  these  observers  have  arrived. 
**  I .  The  umbra  of  a  spot  is  nearer  the  sun's  centre  than  its  pen- 
umbra, or,  in  other  words,  it  is  at  a  lower  level.    2.  Solar  £acul». 
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and  probably  also  the  whole  photosphere,  consist  of  solid  or  liquid 
bodies  of  greater  or  less  magnitude;  either  slowly  sinking  or  sus- 
pended m  {BqttUibrio  in  a  gaseous  medium.  3.  A  spot  including 
both  umbra  and  penumbra  is  a  phenomenon  which  takes  place 
beneath  the  level  of  the  photosphere."  *  We  do  not  doubt  that, 
by  the  continuous  systematic  observations  and  researches  of  these 
astronomers,  most  important  additions  will  be  made  to  our  know- 
ledge of  the  physical  composition  of  the  surface  of  the  sun. 

809.  Vaamjtli'a  wUlow-leaTes. — That  every  portion  of  the 
solar  disk  should  be  covered  by  innumerable  bright  particles  of 
definite  form,  of  a  few  seconds  of  space  in  length,  and  a  fraction  of 
a  second  in  breadth,  is  a  revelation  which  the  most  acute  observer 
of  solar  phenomena  had  never  dreamt  of.  We  are  indebted  to 
Mr.  Nasmyth  for  this  important  discovery.  From  his  observations 
-we  gather,  that  it  appeared  to  him  that  these  particles  had  no 
definite  or  symmetrical  arrangement  in  the  manner  in  which  they 
were  scattei^d  over  the  sun ;  on  the  contrary,  they  seemed  to  lie 
across  each  other  in  every  possible  direction.  Mr.  Nasmyth 
observes :  '^  These  filaments  appear  well  defined  at  the  edges  of  the 
luminous  surface  when  it  overhangs  the  penumbra,  as  also  in  the 
details  of  the  penumbra  itself,  and  most  especially  are  they  seen 
clearly  defined  in  the  details  of  'the  bridges/  as  I  term  those 
bright  streaks  which  are  so  frequently  seen  stretching  across  from 
side  to  side  over  the  dark  part  of  the  spot.** 

This  remarkable  observation  of  Mr.  Nasmyth  has  been  confirmed 
by  several  of  our  principal  astronomers  who  have  the  command  of 
powerful  instruments.  There  are,  however,  some  observers  of  high 
reputation  who  have  not  yet  been  able  to  detect  these  miuute  solar 
pitfticles,  and  who  are  inclined  to  consider  them  to  be  simply  the 
irregularities  which  give  that  granular  appearance  to  the  surface  of 
the  sun,  which  has  been  generally  observed  for  many  years  past, 
even  with  moderately-sized  telescopes.  For  ourselves,  we  have 
seen  these  bright  particles  with  the  great  equatorial  of  the  Royal 
Observatory,  with  a  definition  so  clear,  that  no  doubt  remains 
on  our  mind  of  the  accuracy  of  this  remarkable  discovery  of 
Mr.  Nasmyth. 

From  the  simikrity  in  form  of  these  bright  solar  particles  to 
leaves  of  the  willow-tree,  Mr.  Nasmyth  has  distinguished  them  by 
the  name  of  willow-leaves.  Mr.  Stone,  who  has  observed  them 
with  the  Greenwich  great  equatorial,  has  likened  them  to  rice- 
grains.  Difierent  observers  have  suggested  other  names  as  being 
more  appropriate )  but  it  is  the  opinion  of  astronomers  in  general, 

*  Buean^tei  on  Solar  Phyiicit  by  Warren  De  La  Rue,  Balfonr  Stewart, 
and  B«Djamin  Loewr.    First  series. 
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thftt  th60e  extmordinaiy  particles  of  the  ttAai  photospbeie  ooirht 
henceforth  to  be  identified  solely  by  the  name  given  by  the  die- 
coTerer  ;  a  name  in  reality  sufficiently  accurate,  although  to  some 
eyes  the  form  of  a  willow-leaf  does  not  represent  literally  the 
appearance  of  these  solar  fragments. 

Among  other  observers  who  have  devoted  particular  attention 
to  solar  phenomena,  we  may  mention  the  names  of  the  Rev.  F. 
Hewlett,  Dr.  Selwyn,  Professor  Phillips,  M.  ChaoomaCy  and  M. 
Faye,  some  of  whom  have  deduced  very  interesting  conduaons ; 
for  instance,  M.  Chaoomac  has  pubUshed  some  valuable  remarics 
in  the  Con^pUs  Jimdus  relative  to  the  variable  luminosity  and 
reflective  power  of  various  portions  of  the  solar  photosphere,  and 
to  the  successive  envelopes  which  are  supposed  to  enclose  the 
centre  of  our  system. 

810.  W«w  tfimrt  of  thm  Moon. — ^The  importance  of  an  accu- 
rate delineation  of  the  lunar  surface,  on  a  large  scale,  has  been 
acknowledged  for  some  time,  particularly  as  many  omissions  have 
been  found  in  the  chart  of  Beer  and  Madler.  A  new  one  is  there- 
fore in  course  of  construction,  under  the  general  superintendence  of 
a  committee  of  the  British  Association,  the  actoal  work  being* 
under  the  special  charge  of  Mr.  W,  R.  Birt  Mr.  Birt  is  avail- 
ing himself  of  the  labours  of  previous  selenographers,  especially 
Lohrmann,  Beer  and  Madler,  and  also  of  an  excellent  photograph 
taken  by  Mr.  De  La  Rue  immediately  after  the  lunar  ecUpse  of 
the  4th  October,  1 865.  Every  object  on  the  lunar  8ui€m»  wiU,  in 
all  probability,  find  a  place  in  this  new  chart,  the  scale  of  which  is 
100  inches  to  the  moon's  diameter.  When  completed,  this  gigantic 
map  will  afford  to  the  student  of  lunar  nhenomena  the  best  means  of 
acquiring  a  knowledge  of  the  physical  aspect  of  the  moon's  sui&oe. 

811.  ZrrerolAr  proper  motton  of  MirluM  and  Procjoiu — 

Some  very  interesting  papers  <m  the  proper  motion  of  Sinus  and 
Procyon  have  been  communicated  to  the  Royal  Astronomical 
Society,  by  Messrs.  Auwers,  Main,  Safford,  and  O.  Struve.  The 
apparent  variability  of  the  proper  motion  of  these  stars  had,  for 
some  time,  attracted  the  attention  of  the  practical  astronomer. 
With  respect  to  l^rius,  M.  Calendrelli,  of  Rome,  asserted  in  1 857, 
that  this  variability  arose  from  errors  in  the  composition  of  the 
Gbreenwich  catalogues  of  stars,  and  not  from  any  peculiar  moticm 
of  the  star  itself.  Mr.  Main  has,  however,  clearly  shown  that 
M.  Calendrelli  whs  himself  in  error,  and  he  has  also  proved  that 
the  apparent  discordances  in  question  had  not  their  origin  in  any 
error  of  observation  or  reduction ;  ^  but  that  it  depended  upon  a 
real  fluctuation,  most  important  and  int^^sting,  which  will  render 
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the  motion  of  thiB  star  a  serious  subject  for  study  during  the 
remainder  of  the  present  century/*  We  are  indebted  to  MM. 
Auwers  and  Safford  for  complete  investigations  of  the  supposed 
orbit  of  Sinus,  on  the  assumption  that  the  irreguliurities  in  the 
proper  motion  are  produced  by  the  perturbations  of  a  dark  disturb- 
ing body.  Some  excitement  was  therefore  made  by  the  annoimce- 
ment  of  the  discovery  of  a  companion  to  Sirius,  on  the  31st  of 
January,  1 862,  by  Mr.  Alvan  Clark,  of  Bostcm,  U.  S.  The  angular 
position  and  distance  of  the  companion  with  respect  to  Sinus,  as 
observed  by  M.  Otto  Strove,  are  as  follows : — 

Year.  Position.  Distance. 

I863-2X  Si'So  1015 

1864-22  76*50  10*92 

1865*20  77*15  io*6o 

1866*21  75 1 5  10*93 

The  researches  of  M.  Auwers  on  the  orbital  motion  of  Sinus 
require,  in  three  yei^  an  increase  of  the  distance  of  the  disturbing 
body  of  o'''55,  and  a  diminution  of  the  position  angle  of  5^*3 1. 
These  numbers  agree  so  closely  with  those  deduced  by  M.  Strove 
from  his  miciometrical  measures,  that  it  can  scarcely  be  doubted 
that  the  small  object  discovered  by  Mr.  Alvan  Clark  is  really 
the  cause  of  the  irregularities  in  the  proper  motion  of  Sirius.  The 
magnitude  of  this  companion  is  excessively  minute,  commonly  it  is 
recorded  as  the  ninth  or  tenth,  so  that  only  on  the  most  favourable 
occasions,  and  then  with  first-class  telescopes,  is  there  any  pos- 
sibility of  its  being  seen. 

Mr.  Newcomb,  of  Washington,  has  also  discussed  the  position 
observations  of  the  companion  to  Sirius,  and  has  come  to  the  con- 
clusion that  this  optically  minute  object  is  troly  a  satellite  of  that 
brilliant  star.  He  is  also  of  opinion  that  the  observed  irregulari- 
ties in  the  proper  motion  of  Sirius,  are  caused  by  the  perturbing 
influence  of  this  satellite  on  its  primaiy. 

812.  BKoTement  of  tba  solar  ajatem  In  space. — On  page 
416,  we  have  given  a  brief  abstract  of  the  investigations  en  this 
subject  by  different  astronomers,  and  we  have  shown  the  remark- 
able agreement  existing  between  the  results,  with  respect  to  the 
position  of  the  apex  of  solar  motion.  From  this  we  might  infer, 
that  its  velocity  and  direction  are  as  accurately  known  as  any  other 
of  the  celestial  movements.  But  this  is  not  the  case,  for  it  must 
be  borne  in  mind  that  many  of  the  proper  motions  by  which  the 
results  are  obtained,  are  not  altogether  certain,  and  that  the  pro- 
blem itself  has  still  some  speculation  mixed  up  with  it.  How- 
ever, this  agreement  between  the  independent  determinations  of 
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difierent  aatroaomersy  in  relation  to  the  point  in  the  heorenB  to 
which  the  direction  of  solar  motion  is  a&aigned,  has  been  generally 
accepted  as  sufficient  evidence  for  the  settlement  of  the  positioD  of 
this  point  within  a  reasonable  limit  Most  astronomers  have 
followed  similar  methods  of  investigation,  until  Mr.  Aiiy,  in  1 8  59^ 
devised  a  new  plan  of  computation,  from  a  conviction  of  the  in- 
adequacy and  defects  of  the  methods  hitherto  in  use.*  It  is  out 
of  place  here  to  enter  into  any  detailed  account  of  this  new  method 
of  Mr.  Airy,  because  we  could  scarcely  do  so  without  giving  all 
the  mathematical  formulte.  The  general  principle  of  the  method, 
however,  consists  merely  in  removing  the  primary  geometrical 
notions  from  the  apparent  movements  on  the  surface  of  a  globe  to 
the  real  movements  of  the  bodies  in  space.  This  is  performed  by 
treating  the  linear  movements  of  the  sun  and  of  each  star  by  the 
use  of  rectangular  co-ordinates.  The  advantages  resulting  hom  the 
adoption  of  this  method  are :  i.  That  it  is  perfectly  complete  and 
independent,  requiring  no  assumption  of  a  point  determined  by 
preceding  investigations.  2.  It  gives  the  proper  weight  to  each 
observation,  subject  to  the  consideration  as  to  the  general  weight- 
multiplier  to  be  attached  to  any  class  of  stars  defined  by  brilliancy 
or  other  characteristic,  which  may  enable  us  to  judge  of  thdr 
distance.  Mr.  Airy  first  applied  this  method  to  1 1 3  stars  whose 
proper  motions  are  large,  arranging  them  into  groups  according  to 
magnitude,  in  conformity  vnth  the  researches  of  W.  Struve,  whose 
assumed  relative  distances  were  also  adopted.  From  the  most 
probable  of  two  assumptions,  Mr.  Airy  found  the  right  ascension 
of  the  apex  of  solar  motion  to  be  261^  29',  the  north  polar  distance 
65**  1 6',  and  the  velocity  of  solar  motion  i'''9 1 2.  This  large  velo- 
city depends  principally  on  the  excessive  proper  motions  of  a  few 
of  the  stars.  In  undertaking  this  preliminary  investigation,  Mr. 
Airy  expressed  a  vnsh  that  it  should  be  considered  only  as  a 
specimen  of  the  application  of  a  new  method,  which  he  hoped 
would  be  applied  to  a  larger  number  of  stars. 

The  continuation  of  this  investigation  was  at  once  commenced 
at  the  Royal  Observatoiy,  and  in  1863,  a  second  paper  was  pre- 
pared by  Mr.  Dunkin,  at  the  request  of  the  Astronomer  Royal.f 
On  this  occasion,  the  proper  motions  of  1,167  ^^^^  ^'^'^  ^^-^ 
ployed,  819  of  which  are  situate  in  the  northern,  and  348  in  the 
southern  hemisphere.  As  in  the  former  paper,  the  investigaticHi 
was  made  on  two  hypotheses : — ^first,  by  supposing  that  the  irregu- 
larities of  proper  motion  are  entirely  due  to  chance-error  of  obser- 
vation; and  second^  that  they  are  due  solely  to  a  peculiar  motion 

•  Memoirs  of  the  Rojfcd  Astronomical  Societf^  vol.  xxviiL 
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of  the  stars  themselves.    From  the  first  of  these  hypotheses,  the 
following  results  have  been  obtained : — 

R.  A.  of  solar  apex  »  26 1^  14' 

K.P.  D.    „        „    «  57      5 

Annaal  Telocity  of  solar  motion  so"*3346. 

The  results  on  the  second  and  more  probable  hypothesis  are  as 

follows : — 

B.  A.  of  solar  apex  «  263®  44' 

w.  p.  n.    „       „   =  65      o 

Annual  velocity  of  solar  motion  bo'''4I03. 

It  will  be  observed,  from  the  preceding  numbers,  that  the  an- 
nual velocity  of  solar  motion,  or  the  angular  displacement  of  the 
sun  as  viewed  from  a  star  of  the  first  magnitude,  difiers  but8%htly 
from  that  determined  from  the  researches  of  M.  Otto  Strove 
(o"*3392).  The  mean  of  the  three  values  gives  o''*36 1 4.  Now, 
if  we  assume  this  to  be  the  probable  amount  of  the  proper  motion 
of  the  solar  system  in  space,  and  that  the  average  parallax  of  a 
star  of  the  first  magnitude  is  0^^*209,  we  shall  find,  by  comparing 
the  annual  solar  motion  with  the  radius  of  the  earth's  orbit,  that 
it  amounts  to  1729  of  such  tmits,  or,  in  round  numbers,  158 
millions  of  miles. 

Thus  far  it  will  be  seen  that  the  direction  of  solar  motion  given 
by  these  two  investigations  agrees  generaUy  with  that  found  by 
former  astronomers,  and  therefore,  primd  facie,  the  result  may  be 
considered  satisfactoiy.  If,  then,  these  proper  motions  depend  in  a 
great  measure  on  a  proper  motion  of  the  sun,  we  might  expect  to 
find  that  if  we  take  the  sums  of  the  squares  of  the  residua  uncor- 
rected for  solar  motion,  and  again  when  corrected,  the  sums  of  the 
latter  would  be  considerably  diminished.  The  following  is  the 
result  of  this  comparison : — 

The  small  diminution  In  the  corrected  numbers  is  very  curious, 
and  it  shows  that  our  fundamental  suppositions  must  rest,  to  some 
extent,  on  a  slender  basis;  and  the  results,  notwithstanding  the 
general  agreement  in  the  position  of  the  solar  apex,  warrant  the 
question  whether  we  have  much  ground  to  infer  that  the  proper 
motions  of  the  stars  are  produced  principally  by  the  motion  of  the 
sun  and  its  system  in  space.  It  may  be,  and  probably  such  an 
inference  is  partially  true,  that  these  apparent  motions  in  the  posi- 
tions of  the  stars  are  rather  due  to  some  compound  effect,  resulting 
from  causes  some  of  which  have  yet  to  be  discovered.  Again,  we 
may  remark  that  the  grounds  upon  which  we  have  been  working 


514  ASTRONOMY. 

are  uncertain  to  a  considerable  ejctent,  which  nncertaintj  will 
acarcely  be  removed  until  our  knowledge  of  the  diatanoee  of  the 
stars  is  increased,  or  until  the  proper  motions  themselTee  are  re- 
determined from  unexceptionable  observations  made  at  both  ^ochs 
with  the  improved  instruments  of  modem  times. 

Referring  to  the  small  diminution  in  the  sums  of  the  squjuea  in 
Mr.  Dunkin*s  corrected  nimibersy  Sir  John  Herschel  obeervea: 
"  No  one  need  be  surprised  at  this.  If  the  sun  move  in  space,  whv 
not  also  the  stars  P  and  if  so,  it  would  be  manifestlj  absurd  to  expect 
that  any  movement  could  be  assigned  to  the  sun  by  any  system 
of  calculation  which  should  account  for  more  than  a  very  small 
portion  of  the  totality  of  the  observed  displacements.  But  what 
is  indeed  astonishing  in  the  whole  affair,  is,  that  among  all  this 
chaotic  heap  of  miscellaneous  movement,  among  all  this  drift  of 
cosmical  atoms,  of  the  laws  of  whose  motions  we  know  absolutely 
nothing,  it  should  be  possible  to  place  the  finger  on  one  small 
position  of  the  sum  total,  to  all  appearance  undistinguishably  mixed 
up  with  the  rest,  and  to  declare  with  full  assurance  that  this  par- 
ticular portion  of  the  whole  is  due  to  the  proper  motion  of  our  own 


813.  Obaervatloiia  of  tbe  spectra  of  staira  and 

Some  very  important  observations  of  the  spectra  of  the  fixed 
stars  and  nebulas  have  been  made  during  the  last  few  years, 
in  this  country,  principally  by  Mr.  Huggins  and  Dr.  W.  A.  Miller. 
A  series  of  observations  has  also  been  made  at  the  Royal  Ob- 
servatory, by  Mr.  Carpenter,  in  which  the  dark  lines  of  the  stellar 
spectra  have  been  micrometrically  measured  in  reference  to  the 
principal  fixed  lines  of  the  solar  spectrum.f  In  comparing  the  lines 
of  the  stellar  spectra  with  those  of  certain  chemical  elements, 
Mr.  Huggins  and  Br.  Miller  have  found  several  remarkable  co- 
incidences occur.  For  example,  in  the  spectrum  of  Aldebaran,  co- 
incidences with  nine  of  the  elementary  bodies  were  observed,  Tiz. 
sodium,  magnesium,  hydrogen,  calcium,  iron,  bismuth,  teUuriom, 
antimony,  and  mercury.  In  Sinus  and  a  Orionis,  five  cases  of 
coincidence  were  foimd.  These  comparisons  have  been  made  on  a 
number  of  other  stars,  in  some  of  which  corresponding  lines  have 
been  observed,  whereas  in  other  cases  no  lines  coincident  with  those 
of  any  known  chemical  element  have  been  noticed. 

Mr.  Huggins  has  also  analysed  the  light  of  several  nebube  and 
clusters.  These  obj  ects  give  either  a  continuous  spectrum,  analogous 

*  OutUnei  of  Astronomy,  eighth  edition,  p.  704. 

t  For  an  explanation  of  the  spectroscope  and  of  the  method  of  obMrring 
Fraunhofer's  lines  of  the  solar  spectrura.  the  reader  is  referred  to  Lirdoer*! 
Handbook  of  Natural  Fhihtopky.^OpticM,  p.  145. 
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to  the  speetara  of  the  sun  and  stars,  or  a  spectrum  consisting  of  one, 
t^«ro,  or  three  hright  lines,  indicating  the  gaseous  nature  of  their 
composition.  It  has  heen  found  that  when  the  light  of  a  nehula 
is  dispersed  hj  the  prism,  the  continuous  spectrum  is  very  faint, 
its  light  bebg  of  all  refirangibUities.  In  consequence  of  this, 
observers  have  not  yet  been  able  to  discover  whether  it  is  crossed 
hj  dark  lines  or  not  Mr.  Huggins*  paper  contains  a  list  of  six 
of  the  small  planetary  nebulsa,  in  which  the  spectrum  of  three 
bright  Hues  is  visible.  The  Dumb-bell  nebula  (733,  Plate  XXX., 
^,  3),  and  one  in  Lyra  give  a  similar  spectrum.  Mr.  Huggins 
observes  that,  **  since  the  light  from  these  nebulas  emanates  firom 
a  gaseous  source,  we  have  an  explanation  of  the  small  intensity 
of  their  light ;  and,  it  may  be,  also  to  soi|ie  extent  of  the  strange 
appearances  which  some  of  them  present^  for  on  account  of  the 
absorption  by  the  portions  of  gas  nearest  to  us  of  the  light  itom 
the  gas  behind  them,  there  would  be  presented  to  us  little  more 
than  a  luminous  surface.''  The  great  nebula  in  Orion  (736)  also 
belongs  to  this  class  of  gaseous  bodies,  as  shown  by  its  spectrum 
of  thiee  bright  lines. 

With  respect  to  the  probable  relation  of  the  gaseous  nebulss  to 
the  other  nebulas  and  dusters,  Mr.  Huggins  considers  that  a  more 
intense  heat  may  be  indicated  by  the  superior  intensity  of  the 
light  of  the  gaseous  nebulsB.  It  is  possible,  therefore,  that  of  all 
the  objects  usually  included  among  the  nebulse,  those  which  give 
a  gaseous  spectrum  are,  as  a  class,  to  be  considered  as  generating 
more  heat  than  those  giving  a  continuous  spectrum. 

Since  the  celebrated  researches  of  MM.  Eirchhoff  and  Bunsen 
on  the  coincidences  of  the  dark  lines  of  the  solar  spectrum  with 
those  of  certain  chemical  elements,  no  foreign  astronomer  has 
devoted  more  consideration  to  spectrum  analysis  than  M.  Secchi  of 
Rome.  From  his  observations,  we  gather  that  the  spectrum  of 
a  Herculis  presents  to  the  eye  an  appearance  of  a  series  of  fluted 
columns.  The  striking  contrast  between  the  luminous  and  the 
dark  portions  produces  a  remarkable  stereoscopic  effect.  The 
colunms  are  again  resolved  into  finer  lines.  One  line  coincides 
with  Fraunhofer's  line  D  of  the  solar  spectrum ;  two  others,  one 
of  which  is  larger  and  double,  with  the  magnesium  line.  The 
spectrum  of  p  Persei  resembles  that  of  a  Herculis.  M.  Secchi  has 
formed  the  following  conclusions  as  the  result  of  his  investigations 
so  far.  I.  The  type  of  the  white,  or  bluish  stars,  like  Sirius  and 
a  LyrflB,  is  marked  by  a  broad  band  near  the  place  of  the  line  f, 
and  another  at  the  beginning  of  the  violet  end  of  the  spectrum. 
Occasionally  a  third  band,  with  very  fine  lines,  is  visible  in  the 
spectra  of  the  brightest  stars  of  this  type  near  the  extreme  end  of 
the  violet.     2.  Spectra  with  large  bands,  as  in  a  Ononis,  Antares, 
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&C.,  and  Stan  generally  of  a  red  or  orange  tmt;  ttieae  are  oftm 
confounded  with  the  next  class.  Aldebaran  comes  between  the  two 
classes.  3.  The  type  of  our  sun,  comprising  Capella,  Arctunifl^ 
Pollux,  &c  Their  spectra  is  covered  with  fine  lines^  and  direct 
measurement  has  shown  that  they  occupy  the  place  of  the  pzin- 
dpal  lines  of  the  solar  spectrum.  An  accessory  type  is  that  of  the 
constellation  Orion,  in  which  all  the  stars  have  yery  similar  spectra, 
characterised  by  a  greenish  tint,  and  in  which  the  line  y  is  veiy 
thin.  M.  Secchi  remarks  that  ''  each  type  prevails  in  one  region 
of  the  heavens ;  the  green  in  Orion,  the  yellow  in  Cetus,  the  Mue 
in  the  Pleiades,  Ursa  Major,  Corona  Borealis,  &c.,  while  the  dis- 
tinct type  represented  by  a  Lyrsa  includes  nearly  half  of  the  stait 
which  I  have  submitted  to  spectrum  analysis.*' 

The  spectrum  of  y  CassiopeiflB,  as  observed  by  M.  Secchi,  exhibits 
an  appearance  very  different  from  that  of  any  other  star  of  a  similar 
colour.  For  example,  in  the  great  majority  of  white  stars,  the 
line  P  is  very  clear  and  broad,  as  in  the  spectra  of  a  Lyrse,  Siriua^ 
&c  Instead,  therefore,  of  this  ordinary  dark  line  in  the  spectrum 
of  y  Oassiopeise,  there  is  in  its  place  a  very  fine  ktmmom  line 
which  is  considerably  more  brilliant  than  any  other  portion  of  the 
spectrum.  By  the  aid  of  a  micrometer  this  bright  line  was  found 
to  coincide  exacUy  with  the  position  of  the  line  f.  It  is  premature 
to  decide  whether  this  peculiar  spectrum  is  only  a  type  of  many 
others,  or  whether  it  is  an  isolated  example  of  a  star  with  a  physical 
constitution  different  from  that  of  its  neighbours.  Further  obser- 
vations will  probably  settle  this  point  when  the  light  of  most  U 
the  visible  stars  has  been  systematically  analysed.  At  presenti 
however,  it  is  certainly  unique  in  its  character,  excepting  that  the 
limiinous  line  makes  this  spectrum  something  analogous  to  that  of 
the  remarkable  variable  star  in  Corona  BoreaUs,  a  brief  description 
of  which  we  have  given  in  the  next  paragraph  (814.).  There  is, 
however,  this  difference  in  the  spectira  of  Uiese  two  stars,  ^at 
whereas  the  bright  line  in  that  of  y  CassiopeisB  has  only  beea 
satisfactorily  observed  by  one  astronomer,  the  peculiar  spectron 
of  the  variable  in  Corona  Borealis  has  been  seen  and  the  positioB 
of  the  bright  lines  measured,  with  respect  to  the  corresponding 
dark  lines  of  the  solar  spectrum,  by  several  observers  in  difiereot 
countries. 

This  new  branch  of  astronomy  offers  a  wide  field  for  reflection, 
as  it  tends  to  increase  our  knowledge  of  the  original  compositioii 
of  the  numerous  objects  scattered  over  the  heavens.  It  is,  however, 
yet  in  its  infancy ;  but  we  doubt  not,  that,  by  the  energy  of  those 
who  have  taken  up  this  interesting  department  of  our  science,  we 
shall,  year  by  year,  add  fresh  materials  to  our  store,  the  full 
advantage  of  which  will  be  reaped  at  a  future  time. 
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814.  Bemarkable  speetnun  of  «  star  in  Corona  Boroalis. 

— ^This  extraordinary  object  suddenly  appeared  as  a  star  of  the 
second  magnitude^  on  the  12th  of  May,  1866,  near  i  Coronce. 
Several  observers  noticed  it  independently  both  in  Europe  and 
America.  Its  brightness  began  to  diminish  from  the  day  of  dis- 
coYeiy,  decreasing  at  the  average  rate  of  half  a  magnitude  per 
daj.  By  the  second  week  in  June,  the  star  was  only  of  the  ninth 
magnitude.  It  has  been  identified  with  an  object  observed  by 
M.  Argelander,  of  Bonn,  and  is  catalogued  as  No.  2765,  zone+26% 
in  his  Boimer  Stemverzeichnisa  as  of  the  9I  magnitude. 

Mr.  Huggins  was  the  first  to  observe  the  spectrum  of  this  star. 
He  foimd  it  of  the  most  remarkable  character,  unlike  that  of  any 
celestial  body  which  he  had  hitherto  examined.  When  viewed 
with  the  spectroscope,  its  light  was  found  to  be  compound,  emana- 
ting from  two  different  sources.  ''Each  light  forms  its  own 
spectrum.  In  the  instrument  these  spectra  appear  superposed. 
The  principal  spectrum  is  analogous  to  the  stm,  and  is  evidently 
formed  by  the  light  of  an  incandescent  solid  or  liquid  photosphere, 
which  has  suffered  absorption  by  the  vapours  of  an  envelope  cooler 
than  itself.  The  second  spectrum  consists  of  a  few  bright  lines, 
which  indicate  that  the  light  by  which  it  is  formed  was  emitted 
by  matter  in  the  state  of  luminous  gas.''  * 

The  double  spectrum  of  this  star  has  been  observed  at  different 
observatories,  confirming  completely  the  observations  of  Mr. 
Huggins.  Many  explanations  or  speculations  have  been  given  as 
to  tiie  origin  of  this  apparently  sudden  outburst;  but  before  any 
definite  opinion  can  be  settled,  we  must  wait  for  further  observa- 
tions. Possibly  the  star  may  really  be  one  of  the  class  of  variables, 
with  a  regular,  but  imknown,  period  of  maximum  and  minimum 
brightness.  In  the  autumn  of  1 866,  its  magnitude  had  again  in- 
creased to  between  the  seventh  and  eighth.  From  observations 
made  with  the  Qreenwich  transit-circle,  its  mean  place  in  the 
heavens  for  January  1,1 866,  is : 

R.  ▲.  K.  p.  D. 

h   m     s  e     /     M 

15  S3  53-8  63  41  5*9 

815.  Catalofua  of  Vartable  Stan.— The  following  list  of 
variable,  or  periodic,  stars  has  been  compiled  from  the  most  recent 
observations,  more  especially,  however,  from  the  catalogue  pub- 
lished by  Dr.  Schonfeld,  of  Mannheim.t  It  will  be  at  once  seen 
that  the  table  is  more  complete  than  that  contained  in  paragraph 
687.  The  right  ascensions  and  north  polar  distances  are  given 
for  the  epoch  1 870. 

•  Proetedingt  of  the  Royal  Society^  vol.  xv.  No.  84. 

t  CaUUog  von  vtriinderlichen  SUmen,  mit  EinMthluu  der  neuen  SUrne,    1866. 
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S  Serpcntii  - 
S  Corooa     - 

R  Coroiue    - 
R  S«i>encU 
R  Ubrc       . 
T  Corons   - 
RHercuUt  . 

T  Scorpli  . 
RSoorpU  . 
S  Scorpli  . 
U  Scorpli  . 
UHerculIt  - 

toHereulfs  - 
T  Ophiucbi . 
SOpliiuchi  - 
SHerculU  - 
Nova  Opfaiachi 

R  Ophlochi  - 
•  HerculU  - 
Nora  Serpentarii 
T  HerculU  - 
T  SerpentU- 

Rbcntt 

BUrm 

RLyr* 

R  Aquil*     • 

TSMlitarM 

R  Saglttaril 
S  Sa^ttarfl 
R  Cvgnl       - 
11  vulpeculc 
S  Vulpeculs 

Ja^JISI  : 

S  Cvgnl 

R  CapricofDi 

S  AquiUs      - 

RSagltUe  . 
R  Delphini  - 
PCrgnl  - 
R  Cephei  - 
SD«lphinl  - 

TDelphial  . 
U  Caprlccmil 
T  Cygnt 
T  Aquarit    - 
R  Vulpeculc 

TCaprlcoml 
8  Cephei      - 
MCepbel      • 
T  PegMl 
aCepbei      - 

S  Aqvarii     - 
fi  Pegati 
R  PegasI 
R  Aquarit     - 
RCautopaia 


14  31  i8 
'4  54    I 

15  10    6 

1543  «3 

>5  44  44 
'5  4P  »5 

15  54  4 
i&   o  a.) 

16  9  18 

'S  9  54 
16  9  56 
16  14  59 
16  ao   3 

16  XL  IX 
1616  18 
16  x6  47 
"6  45  59 

16  5»  13 

17  o  18 

17  843 

MM  51 

18  4  II 
18  IX  x8 

184033 

1845  17 

18  51  X3 

19  o  7 
19   843 

«9  9  4 
19  II  49 
1933  ao 
194a  14 
1943  4 

194534 
19  45  51 

ao  147 
ao  4  I 
ao  5  39 

ao  8  8 

ao  839 
ao  13  o 
aoi3  41 
X0  37  5 

ao  39  ao 
ao40  54 
1042  o 
ao43  6 
ao  58  36 

"  U45 
»i  3647 
XI  39  3> 
IX  X  33 
aa  X4  XI 

XX  so  8 
XX  57  x8 
X3  o  7 
X3  57  6 
X3  51  49 


&  4X 

98  o 

58  10 

61  ij 
74x8 
155  51 
63  43 
71  17 

11x39 
iix  37 
IIX3J 
'07  35 
7049 

47  50 

I0<  JI 

10653 
74  50 
lox  41 

105  55 

75x8 

III   XX 

|9  o 
83  47 

9J5I 
5547 

XO7  XI 

109  3X 
109  16 
5 


^ 


6s    X 

57x5 
89  ao 
3XX3 
1043? 
7446 

7340 

81  19 

5xax 

I  16 

73  xj 

74  4 

105  39 
II  58 

IJ1 

3X  15 

in    X 

6X37 

106  o 
39x0 


7"*«  "*i 

9*5?  IX  r 
49  6 

t6  13? 

6*5  IX 

6*0  13? 

57  under  11 
93  under  13 
xo  9-5 

7*8  under  13 

7*0  under  10 
9*0  under  13 
93  under  13 
9*0  under  13 
7*o  IX  ? 

4-9,  6rx 

10  ?  under  ix 

?-i  under  ix'5 
-3  IX 

5*5  under  14 

8*0  under  fx 
31  39 


axx'5 

*6^ 
36x3 
356 

350 
35174 

7XX 

317-1 


364 

413  * 

106 

X34  ' 
303 

'at 


75 
105 


xx-3 


47  6- 

35  4' 

67  under  xi 
80  under  11 

7*8  under  ix 
xao  under  ix 


1-5 


9*5 


4*0  under  it 

ii  under  13 

J-o  under  13 
'9  II 

83  10 

8*4  under  ix'5 
3'0  under    6 
5?  10? 

80  II 

8'4  under  13 
lao  under  ix 
5X>  65 

5  «3 

«3 

Qo  under  13 
85  11-5 

4'o  ,  5 
9*1  under  11 

37  49 

7*7  under  11 
X'X  X7 

8'0  under  11 
5*8  under  it 
57  under  ix'5 


U 


310 

7»7 
ix'91 

349*5 


467 


67-9X 
406- IX 

ri8 
3x3 

349  . 
xax-5 

70^58 

18  yrV 
73  yri. 
x83djs 

33X 
4*0 

X05 
138-6 

X70 
470 
4»9 
374 
5*37 

X79-35 

388 

4JO 


Argelander 

Baxendell 

Schmidt 

Harding 

Hencke 

Pigott 

Harding 

Pogson 

Birmingham 

Argelander 

Auwert 

Chacomac 

Chacornac 

Pogton 

Hencke 

Baxendell 

Pogson 

Pog»on 

Schonfekl 

Hind 

Pogion 

W.  Her»chel 

D.  Fabricius 

Argdander 

Baxendell 

Pigott 

Ooodrlcke 

Baxendell 

Argelander 

PogKm 

Pogton 

Pogson 

Pogfon 

Anthelm 

Rogerson 

Kirch 

PJgott 

Argelander 

Hind 

Baxendell 

Baxendell 

Hencke 

Jaiiten 

Pogton 

Baxendell 

Baxendell 

Pogson 

Schmidt 

Ooldichmldt 

Argelander 

Hind 
Hencke 
W.  Herschel 
Hind 
Ooodricke 

Argelander 

Schmidt 

Hind 

Harding 

Pogson 


'X 

i?6o 

\J& 

1858 
1866 
1855 

i860 
1853 

;i^ 

1860 

1848 
1853 

\^ 


X85X 
1670 
1837 

1686 
1859 

1000 
1856 


1861 
1858 

!1 

'1^63 

1784 

1848 

l8lt 

1853 
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ASTRONOMY. 
Notei  to  the  Catalogue  of  Variable  8tan, 


%,  B  Ca$$hpfue,  This  is  the  celebrated  temporary  ttar  obeerred  bf 
Tycbo  Brabe  in  1571*  to  whicb  a  reference  is  made  in  6S9. 

69.  T  Corona.  Tbis  itar  ezdted  considerable  attention  hj  its  toddoi 
appearance  in  May  1866.    See  814. 

80.  Obeerred  by  Mr.  Hind  in  1848.    See  69a 

83.  See  paragrapb  689. 

94.  A  celebrated  temporary  star.  No  object  greater  tban  the  ekventb 
magnitude  is  visible  near  its  place  at  the  present  time. 


KoTB. — The  following  elements  of  the  orbit  of  Planet  (•!)  were  receired 
after  Table  I.  was  printed.  TTheir  place  in  the  Table  should  be  b^weca 
I'omona  and  Melete. 


Mean  diurnal  motion 

Sidereal  Period 

Mean  distance  from  Sun 

Excentricity 

Mean  Longitude     . 

Longitude  of  Perihelion 

Longitude  of  Ascending  Node 

Inclination  . 

Mean  Solar  Time  of  Epoch 

Authority    . 


848"-4i8 

I5»7'55  dsTs 
a-59576o 
0*115216 
40°  40' 57*7 

ao  /  58^-0 
1866  Dec.  8*06. 
Tietjep. 


INDEX. 


NonL-^Thtt  Index  refert  to  the  numbers  of  the  paragrapht,  and  not  to  the  pages. 


Aberration  of  lif ht,  tyj. 

Adams,  his  researches  on  Neptune,  477. 

Adjactment  of  transit  instrument,  24. 

ARlaia.  m.  785«  7^ 

Airy,  his  deterroinatioo  of  earth*s  dia- 
meter,  76 ;  of  density  of  earth  at  Hartoo 
coal-pit.  81  ;  of  mass  of  Jupiter,  411; 
obaervations  of  solar  eclipse  of  1851, 517; 
on  projection  of  stars  on  moon's  disk, 
55X  ;  researches  on  moremeut  of  solar 
system  in  space,  .711,  81&. 

Alcmene.  571,  785,  786. 

Alexandra,  37Z,  785, 786. 

AlgoU666. 

Almanac  Nautical,  predicts  phenomena  of 
eclipses  of  Jiiplter*i  satellites,  (41. 

Altastmuth  instrument  (Greenwich),  49. 

Altitude,  }8. 97. 

America,  determination  of  difllerence  of 
longitude  betwe*^  Ireland  and,  by  gal- 
vanic sifcnals,  804. 

Amphltrtte,  171, 785, 786. 

Angelina,  371,  785, 786. 

Angular  mMgnitude,  7. 

Anomaly,  X85. 

Antlope,  371. 7«5«  7«6. 

Aphelion,  x8|,  753.  See  the  Separate 
Ftamets. 


ApMM,i95. 
ApsidM,  i(^,  X85 


Arago.  00  coatmg  of  sun.  ft$3. 

Arc,  linear  and  nnguiar  magnitude  of,  756. 

Areoeraphic  charts  of  Mars,  36(1 

ArgeUnder,  his  researches  on  solar  mo- 
tion, 711. 

Argo,  the  great  nebula  In,  737. 

Ariaone.  37*,  785,  786. 

Ariel,  470. 

Aries,  tirst  point  of,  186. 

Ascending  node,  193. 

Ascension,  right,  31. 

Asia,  371,  7«5.  7«6^^ 

Astrsji,  371,  785,  786. 

Astrometer,  Herschel*s,  666  $  Lardner's, 
674. 

Astrometrlc  table  of  190  principal  stars, 
675, 

Astronomical  day.  141. 

Astronomical  instruments,  £i ;  transit,  tx ; 
mural  circle,  33  ;  equatorial.  4; :  Sir  W. 
Herachel's  40-ieet  reflector,  44;   the 


Rosse  telescopes,  45;  Oxford  helio< 
meter,  46,  Ori^enwich  transit-circle, 
47 ;  Pulkowa  prime-Tertical  instrument, 
48;  Greenwich  altazimuth,  40 ;  North- 
umberland equatorial,  50;  Greenwich 
great  eqiutorial,  51. 

Astronomy,  i ;  origin  of  name  of,  3. 

AtalanU,  371. 78J,  786. 

Atlantic  cablf,  Greenwich  time-signals 
sent  through,  to  Great  Eastern  steam- 
ship, 805. 

Atmosphere,  dimensions  of  earth's,  6t ; 
of  sun,  141 ;  evidence  of  a  solar  atmo- 
sphere, 5x5. 

Ausonia.  371. 78$.  7C6. 

Auwers,  his  researches  on  orbits  of  Sirius 
and  Procyon,  811. 

Axes,  m^or  and  minor,  184, 741. 

Aiimutb,96L 

Aztmuthal  error  of  transit-instrument,  X7, 
SCO. 

B. 

Bally,  Cavendish  experiment  repeated  bf, 
80 ;  beads  in  solar  eclipses,  513. 

Barometer,  general  effects  of  reading  of; 
on  refraction.  158. 

Beatrix,  371, 785,  786. 

Beer,  formation,  with  MSdIer.  of  chart  of 
moon,  XII ;  observations  of  Venus,  340 ; 
dingrams  of  Venus,  341 }  observaiious 
of  Mars,  360 

Bellonit,  77X.  785, 786^ 

Belts  of  Jupitvr,  396. 

Bessel,  hl«  determination  of  earth's  dia- 
meter, 76;  of  the  parallax  of  the  fixed 
stars,  171 ;  of  the  mus  of  Jupiter,  411 ; 
measures  of  Saturn,  412. ;  researches  on 
rings  of  Saturn,  438,  ^i. 

Biela,  comet  di»covrred  by,  578. 

Binary  stars,  701  et  *tq. 

Blainpain,  comet  discovered  by,  ^ 

Bode,  his  empirical  law  of  pUneury  dis- 
tances, 366. 

Bond,  observations  of  Saturn,  439 ;  dis- 
cotery  of  Hyperion  by,  449 

Brorsen,  comets  discovered  by,  58$,  614. 

C. 

Calliope,  371, 785,  786. 
Calyp«>.  17X,  785, 786. 
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Cttpoed,  9httmtkm»  mA  dimwlngi  of 

tpou  on  Mu  by,  94$. 
Caralniil  potnU.  95. 
Carriagton,  obMnradoni  of  $oUr  phen<^ 

Biena  bf,  £50,  tot. 
CMtini,  obMTTatioot  of  Veniu  by,  }|9- 
CavendUb  expertment   for  deteraiotof 

the  deottcy  of  the  oarth.  80. 
Cmuunu.  rich  cluster  of  star*  to,  735. 
Contre.  eqantiou  of,  751. 
Orrt,  367,  7«5.  7«6-       ,     ^^ 
r«tu«,  remarkable  star  in,  686. 
ChJM»raac,  discovery  of  minor  pUntts  by. 

Clironoffraph,  Grwowich.  description  and 
OK  of,  801.  ... 

ChroDoroeters,  ose  of;  In  detennininf  km- 
gicudes,  laot  offBCt  of  travelUng  on 
pocket,  a.foiat'mote, 

Circe,  m,  785, 786. 

Circle,  diTlsloo  of.  8 ;  of  declination,  |o; 
hour,  A. ;  mural,  «  ;  Terlical,  91 ;  f  *- 
ladle,  7«$ ;  reduction  of  observatioiu, 

Orll'day,!!!.  ,  ^       ^^    , 

CIslraut,  his  Investigation  of  the  path  of 
Halley's  comet,  604. 

Clio,  JT*.  785. 786. 

Clock,  astronomical,  tt;  galvanic,  at 
Royal  Observatory,  8oj. 

Clusters  and  nebulae,  ju ;  distribu'ion  of, 
7»} ;  constitution  of,  714 ;  nebular  hypo- 
theds,  71s ;  forms,  apparent  and  rea^, 
of  dusters,  726 ;  of  nebuUe,  W  \  double 
nebulsi,  7181  planetary  uebulc,  719; 
annular nebuUe,  7P ;  spiral nebulse,73i; 
number  of  nebuise,  7ja;  remarkable 
nebulSB,  7« ;  Urge  and  irregular  nebulae, 
714 ;  rico  cluster  In  the  Centaur,  735  j 
great  nebula  in  Orion.  736;  great  ne- 
buU  in  Argo,  7J7;  magellantr  clouds, 
738;  spectra  of.  81  }• 

CollimaUon,  line-of,  11,  x6, 80a. 

Coloured  double  stars,  698. 

Coma,  619. 

Comeu,  sf4;  oometary  orbits,  <J4;  ino- 
tion  of,  explained  by  graviuuoo,  <p; 
elllpUc  orbits,  558;  parabolic  orbits, 
<5o;  hyperbolic  orbits,  560;  move  in 
conic  sections.  563  j  hyperbolic  and  para- 
bolic not  periodic.  565  ;  eUiptlc,  pertod»c 
like  planets,  $66;  many  recorded,  few 
observed,  570;  daastflcatlon  of  orbits, 
571 ;  elliptic,  revolving  within  the  orbit 
of  Saium,  57x;  Bncke's,  571;  Indica- 
tions of  a  resUting  medium.  57?  » J»*»"*<* 
ultimately  fall  into  the  son,  575 ;  BleU  •, 
578;  resolution  of  BleU*s  comet  Into 
two,  5801  Fnye's,  <8i ;  D«  Vlcp's.  $841 
Brorsen's.  $8$ ;  D^Arrest's,  586;  VViu- 
necke's,  $86 ;  elliptic,  of  I743»  J«7 «  <»' 
1766,588;  Lexeirs,589j  analysis  of  La- 
place applied  to  Lrxett**,  $90;  Blain-» 
pain's,  of  1819,  $9$ ;  Pons'.  01 1819.  $q6; 
ftgotts,  of  v/%h  597 ;  P»«f";5 «f  "M. 
<^;  elliptic.  Whose  mean  distances  are 
u^rly  equal  to  that  of  Uranus,  599 1  of 
long  periods,  first  recognUed  ns  poriodic, 
599;  Halley's  researches,  601 1  Halley's, 
60Z ;  disturbing  action  of  a  planet  on  a, 
expUlned,  607 ;  effect  of  the  perturbing 
Mction  of  Jupiter  and  Saturn  on  Halley*s, 
between  i6i(x  and  175S,  608;  calcula- 
tions of  lu  return  in  1835-6, 609 ;  Pons', 


of  181X,  611 ;  Olban*,  of  iStc,  6ix :  Do 
Vko's.  of  1846. 613  ;  Mror-wi's,  of  It*?. 
614 ;  WestpbaTs,  of  iScx  615  ;  orbin  «r 
great  exceotridty,  616;  phvsical  coq. 
•titution  of,  617 ;  apparenit  fom,  bead 
and  tail.  617  ;  nucleus, 618 ;  coma,  619; 
mass,  volume,  and  density,  614:  Bg^t 
of,  6x5;  Struve*B  drawing  of  Kaek^%, 
6x7;  remarkable  physical  pbeoomeDa 
m«nl(Mted  by  Ballet's,  6sS;  StruveTa 
drawinn  on  various  days,  619  rr  am. ; 
8lr  J.  Herschel's  deductions  Cron  tb^ 
phenomena,  639;  obeervatioos  and 
drawings  of  MM.  Hadear  mi  Smyth. 
641  et  teq. ;  number  of,  65X,  duratioii 
of  the  appearance  of.  653;  mv  ap- 
proadi  to  the  earth.  6C4;  synoffdc  ol 
motion  of  eUiptic,  791,796;  discributMe 
of.  In  space,  797. 

Complement,  113. 

Concordia,  37a,  78J,  786. 

Conic  sections,  definition  of,  aSo. 

Conjunction.  173 ;  superior  and  inferior^ 
277. 

Corona  Borealls,  extmordiaarr  atar  in. 
814. 

Craters  of  moon,  MX. 

Cybele.  37*,  T^S.  7«6. 


Daww,37X,7«$,786. 
Daphne,  37*.  7«$.7«6.       . 
D'Arrest,  discovery  of  Freiabj,  371;  < 

discovered  by,  586. 
Dawes,   obaervatiooa  of  Satum't    ria^, 

440;  of  iolarecllpae  of  1851,5x1. 
Day,  dvil  and  asuonomical,  141. 
Declination,  41. 
Degree  on  earth's  surlace^  length  oi;  59, 

806.  * 

De  la  Rue,  phvsical  obeervatioos  of  the 

solar  Burteee  ny.  80B. 
Deaaltf,  of  earth,  78;  of  moon, 304  ;  oi 
~ ;  of  planeu  generally,  78S. 


sun.  X17 ;  or  nianeu  g< 
Descemung  node,  S93. 
Diameter  of  earth. 76;  < 


,  of  moon,  191 ;  of 

sun,  X34 ;  of  planeu  generally.  787. 

Diana.  37x,7»$.7f6.  _^    _^_, 

Dlone,  449 ;  lu  dlstanee  and  period,  450. 

Direct  motion,  278.  783. 

Disks  of  son  and  moon,  oval  form  oi^  ex- 
plained, 161. 

Distance,  of  sun,  145 ;  of  moon,  189:  mean,* 
183  ;  of  planets  generally,  785, 786- 

Diumal  rotation  of  the  earth,  100;  dinr^ 
nal  inequality  of  the  tides,  xiS. 

Doris,  37X.  7«S.  7«6 

Doublestars,69t<f  se?.;  selected  table  oi; 

Dunliin.  observations  at  Harton  eoal-fit, 
81 ;  of  the  solar  edlpse  of  1851, 5x8 ;  in- 
vestigation of  the  movemeotof  the  eolar 
system  lu  space  by*  7i>>  ^^^ 


Barth,  roCandltv.  form  and  dnmeotiaot  of, 
51;  length  of  a  second  of  arc,  on, 60; 
figure  of,  65;  elUptidtr,  70;  llnenr  rtU 
mensions,  76 ;  mass  and  density,  78 ;  di- 
umd  roution.  100 ;  Foucault's  expert, 
menu,  105 ;  axis,  loa;  equator,  poles, 
and  meridian,  no;  annual  motion.  135 ; 
the  diunul  and  annual  phennmcna  «s« 


CTDEX. 
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1  br  the  two  ModoM  oC  139; 
orbit,  146;  peribdloo  mmI  aphelion, 
149  s  TmriMionf  of  t«mperature,  150; 
do«.<Uy«,  151 ;  dif  Unoet  of  planeu  from, 

Echo,  170. 785, 786. 
BcUpM.^O}. 

{9olar\  500;   ptrtfad,  rat;  total, 

m  I  annular,  fCM ;  effects  of  parallax, 
506 ;  thadov  produced  by  opaque  globe, 
507;  Mlar  ecUftic  limits  5i»;  appear- 
ance attending  a  toul»  sn;  Bailj's 
beads,  $tt ;  total  eclipse  of  iS$i,  u6<« 
obaenrarlons  of  Astronomer  Royal  of, 
517;  of  MM.  Dunkin  and  Humphreys, 
518;  of  Mr.  Gray,  519;  of  MM.  Ste- 
phenson and  Andrews,  5x0 )  of  Mr. 
LasseU,  5m;  of  Mr.  Hind, sxii  of  Mr. 
Daves,  sxxi  eflTects  of  toul  obseura- 
tlon,  5m:  solar  eclipse  of  i860,  observa- 
tions of  ML  Le  Verrier,  Goldsebmidt, 
and  Seorhi  o^  p4;  evidence  of  a  solar 
atBospbere,  s^;  probable  causes  of 
red  emaaatioos,  526b 

BcUpee  {Ummf>)^iv7 :  conditions  of,  528 ; 
lunar  ecliptic  limits,  5x9 ;  total,  530 ; 
relative  number  of  solar  and  lunar,  5)1 ; 
ellects  of  earth's  penumbra,  $tx.;  elfticts 
of  refraction  of  earthi  atmosphere,  SU» 
■  (Jo9ia»    SffStemX   535;     of    toe 

satellites,  $37:  occulc^tioiii  of  the  satel- 
lites by  the  planet.  5x9k;  transits  of  the 
satellites  over  the  planet,  54a;  motion 
of  light  discovered,  and  hs  velocity  mea- 
sured, by  means  of  these  eclipses,  54X. 

Ecliptic,  n6. 

Kgerla,  571, 785, 786. 

Klllpse,  method  of  describing,  147 ;  fod, 
axis,  and  exccntridty,  147;  m«jor  and 
minor  axes,  284. 

Ellipdel^.  of  earth, 69^1  aey. ;  of  Jupiter, 
4ca ;  of  Saturn,  41X. 

Elongation,  xj%. 

Eneeladus»449^  lU  distance  and  period, 
450 

Encke.  comet  of,  ^ ;  value  of  solar  paral- 
lax from  his  researches,  807. 

Equator.  celestiaL  96  ;  terri^rial,  if  a 

Bquatorial,  43 ;  Northumberland  at  Cam- 
bridge, 50 ;  Greenwich  great,  51. 

Equiuox,  vitmal  and  autumnal,  1x8;  pre- 
cession of,  174,;  equation  o(;  185, 

Rrato,j7X,785.786. 

Eugenia,  J7X,78<.  786. 

Eonomia,  171, 78$.  7861 

Rophrosyne,  rn.  78c,  786. 

5"!:3^^57»»7S5.7?fc^ 

Eorydice,  37X.  78<..786. 
Eurynoroe,  37X.  785. 786. 
Euterpe,  371,  785,  786. 
Evening  and  morning  sUr,  a8o,  331. 
Exceatriaty  of  orbit,  284, 740, 785. 


Pacnla*  solar,  ip. 

Faye.  comet  discovered  by,  58X. 

Ferguson,  discovery  of  minor  planets  by, 

Feronia.  37*,  785, 786. 

F[de^37^.785,7«5.^ 

Figure  of  the  earth,  6<. 

Firmament,  form  aod  motion  of,  82 ;  as- 
pect of,  8& ;  roUtion  of,  85 ;  form  and 
dimensions  of  the  mass  of  stars  which 


eonposo  the  visKile,  714;  galactic  drde 
and  poles,  71c ;  milky  way,  718 ;  pro- 
bable  form  of  stratum  of  stars  in  wnich 
the  sun  is  placed,  710. 

Flora,  37*;7*5. 786- 

Focus  of  ellipse,  147 ;  empty,  284. 

Ffirster  and  Lesser,  thdr  Joint  disoovery 
of  Erato,  372. 

Fortuna,  372, 7BC  786^ 

Foucault,  bis  demonstration  of  the  rota* 
tton  ef  the  earth,  10$. 

Frigga,  jjx,  785, 786. 

Oalaetie  drde  and  poles,  715. 

Galatea,  jyz,  785.  79k 

Galvanic  time-signals  from  Greenwich, 

8of. 
Gasparia,  De,  discovery  of  minor  planets 
^by,  J74. 
Gassendi.  Xift. 
Geocentric  motion,  170. 
Geodetlcd  measurement  of  the  earth,  73, 

8c&  '" 

Goldschmldt.  discovery  of  minor  planets 

Inr, jra ;  observations  ofthe  solar  edipse 

Graham,  discovery  (f  Metis  by,  37*. 

Gravitation,  291 :  solar,  770. 

Gravity  on  eiuth's  surface,  variation  of, 

24 ;  cdcuUtion  of  the  central  force  of, 
»y  the  velocity  and  curvature  of  a  body. 

Great  Eastern  steamship,  Greenwich 
tlme-sfgnds  received  on  board  of.  80$. 

Greenwich,  traosit-drcle  atv  47;  altasi- 
muth  at,  49;  great  equatorial  at,  51; 
meridian  of.  iti. 

Gyroscope,.  10^ 

H. 

HaHey,  researches  00  comets  by,  6of ; 
Qomet  discovered  by,  601  et  $eq, 

Hansen,  lunar  tables  by,  X17 ;  solar  pard- 
lax  determined  by,  fiaj, 

Harding,  discovery  of  Juno  by,  370. 

Marmonia,  37X,  78J;,  786. 

Harmonic  law,  776. 

Marton  experiment  for  determining  den- 
sity of  the  earth.  Si. 

Hebe,  371, 785. 786- 

Uellocentric  motion,  xp* 

Hellometer,  Oxford,  46. 

Hemisphere,  cdestial,  83. 

Hencke,  discovery  of  minor  planets  by, 
37»» 

Henderson,  discovery  of  pardla»of  a  Cen- 
tauri  by,  170. 

Herschd,  Sir  John,  obseiwationsofmoon, 
XI 3 ;  observations  and^drawlngsof  spots 
on  sun.  248 ;  hypothesis  to  expUIn  the 
solar  spots,  xs8i  telescopic  drawings  of 
Jupiter,  400;  deductions  from  pheno- 
mena of  Halley's  oomet,  639;  astr»> 
meter,  668 :  his  astrometric  table  of 
190  stars,  075;  researches  on  double 
stars,  692;  observations  and  drawinp 
of  clusters  and  nebulae,  733  \  remarks 
on  solar  motion,  8ix. 

Hersch^l,  Sir  William,  tdescope,  44;  oU 
serrations  of  Venus,  339;  of  Satom. 
435)  his  dlscoverv  of  Uranus,  458}  of 
the  satdlites  oi  Uranus,  470 )    " 
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tloaf  of  double  >Ura  to  diicoTer  stellar 
parallax.  701 ;  hit  dUtcoTerj  of  binarj 
•tan,  701 ;  researches  on  movement  of 
solar  sTSiem  in  space,  711. 
Hesperia.  jju  785,  ^^ 


Hescla.  171,  785, . 

Hind,  ducoTery  of  minor  planets  by,  m  i 

observations  of  solar   eclipse  of  1851, 

5ZX ;  temporary  star  observed  by,  690. 
Hotisoa,  84. 
Hoggins,  observations  of  the  spectra  of 

stars  and  nebuUe  by.  81  ]. 
Humphrevft,  ohservattons  of  aolar  eclipse 

of  185 1  by,  518. 
Hygeia,  jjx.  785. 786. 
Hyperion,  dieoovvry  of,  by  W.  -C.  Bond 


lapetus,  449 ;  Its  distance  and  period,  ^50. 
Inclination  of  orMt,  19a,  743.  ^9$ 
Inferior  planet,  apparent  mittioa  of,  7804 

as  projected  00  ecliptic,  78c. 
Instruments,  astronomical,  xi. 
Jo,  JTX,  7^S,J96, 
Irene.  17*.  7«5.  :^. 
Iris.  J71, 7«5. 786. 


Juno,  170,785,786. 

Jupiter,  379  {  Jovian  system,  3791  period, 
j8o;  diaunce,  381;  orbit,  381;  oroital 
velocity.  383  i  no  sensible  phases,  ^84 ; 
appearance  in  the  firmament  at  nigbt, 
385;  stations  and  retrogression,  386; 
__*  _^.   ^..      -  ";  re- 


apparent  and  real  diameters,  187; 
lative  splendour  of,  and  Mars,  288 ; 
ikce  and  volunie,  389 ;  solar  light 
heat,  390;  routlon  and  direction  01 
axis,  391 ;  Jovian  years,  39a ;  seasons, 
391 ;  teleecopicappeRranoeoL  394 ;  belts, 
3961  telescopic  drawings  of,  400;  ob- 
servations of  Midler,  401 ;  spheroidal 
form,  40a ;  satellites,  403  ;  phasas,  404 ; 
elongation  of  sstelllces,  405 :  distances 
from  Jupiter,  406 ;  orbits  or  satellites, 
407 ;  apparent  and  real  magnitudes,  408 ; 
mass  of  Jupiter,  411 ;  density,  iij ; 
masses  and  deotillas  of  the  satellites, 
414- 

TC. 

Kepler*s  laws,  779. 

KrtiKer,  determination  of  the  pasallas 
of  fixed  stars,  171;  of  the  mass  of  Jupiter, 
411. 

L. 

LsrtitU,  371, 785, 786. 

lagging  of  the  tiaes,  txy 

Lalande,  path  of  Halley^comet  calculated 
by,  604. 

Laplace,  determination  of  the  mass  of  Ju- 
piter ijy,  411. 

Lardoer,  astrometer  by,  674. 

2ja«iell,  observations  of  Saturn's  rings, 
437 ;  discovery  of  Hyperion  by,  449 ;  of 
aatdlites  of  Uranus,  470 ;  of  satellite  of 
Neptune,  489. 

Latitude,  terrestrial,  iii ;  how  deter- 
mined. 114 ;  narallels  of,  1x3  ;  celestial, 
1 14;  moon's  libration  In,  too:  galactic. 
71$.  ^'  • 


Laurent.  discov«nr  of  Memaiaabj,  fjx.  * 

Lrda.  371,785, 786. 

Lepaiite,  Nadune,  path  of  Bailey's  lomu 

catculated  by,  604. 
Lescarbault,  bis  alleged  diseorery  o<  Vd- 

can,  309. 
L«o.l7*'7«S.7«6. 
Leucoibea.  37X,  785, 786. 
Level  error  ut  transit-instranieDt,  x^  toa. 
Le  Verrier,  rear  arches  on  Neptune,  477; 

observatioEU  of  solar  edtpae  of  itfoL  5x4  ; 

reappearance  of  Faye**  cotDec  caknlaKed 

by,  til3  ;  his  value  of  aolar  parallax,  807. 
I^exefl,  comet  of,  589. 
Libration  of  moon,  in  latitude,  199;  la 

longitude,  xoo ;  dinroal,  xof . 
Ughi,  solar,  motion  of;  <li«covered  airi 

its  velocity  measured  by  ecUpsas  of  Jn- 

Ster*s  satellites,  54X. 
liu,  solar  ecliptic,  511 ;  lonar  ecliptfc^ 

Linear  vidua  of  an  arc,  755. 

Lohrmann,  ddineatloo  oil  moon  by,  xii. 

Longitude,  terrestrial,  111 ;  method  of 
determining,  1x0;  lunar  method,  ixi; 
by  electric  telegraj^,  ixx ;  celestial,  1 34  s 
moon's  libration  in,  xoo ;  of  perib^Km, 
x86,746;  dilllerence of  terresuial, 804. 

Longomontanus,  xix. 

Lubbock,  Sir  J.,  researches  00  tides  by, 
xxS. 

Lucules,  solar,  tgt, 

Luhndahl,  researches  on  mAu  motioDby, 
7n. 

Lunar  theory,  note  on,  xxj. 

Lutella.i7x,785.^ 

Lather,  EU,  dlscoveiy  of  miiMr  planeU  by, 
J7»- 

M. 

Madear  and  Smyth,  drawings  of  BaUey*k 
comet,  641. 

Madler,  formation  with  Beer  of  chart  of 
moon,  XII ;  observations  of  Venus,  340 ; 
diagrams  of  Venus,  341 ;  observatsonft 
of  Mars,  360 ;  telescopic  drawings  of 
Jupiter,  400;  his  assumption  of  the 
probable  centre  of  solar  motion,  713. 

Magellanic  clouds,  738L 

Maginus,xii. 

Mam,  measures  of  Satnni  by,  f* 

Mark,  meridian,  sfj. 

Mars,  mass  of,  298;  poaltian  oC  346; 
period,  347 ;  distance,  348 ;  exrentridty, 
349;  orbit,  3S0;  division  of  synodic 
period,  351 ;  apparent  motion,  35X : 
stations  and  retrogressions,  353 ;  phases, 
354 ;  apoarent  and  real  diameter,  355 ; 
solar  light  and  heat,  356;  rotation,  357 ; 
days  and  nights,  358;  seasons  and 
climates,  jn ;  obsenratloos  of  Beer  and 
Madler,  360;  areogr^hic  character. 
361  ;  telescopic  views  nf,  361;  polar 
snow,  363  ;  possible  satellite,  365. 

Marth,  discovery  of  Amphltrite  by.  m. 

Maskelvne,  Scbehallien  experiment  by,  7^ 

Mass  of  earth,  78 ;  of  moon,  X04;  of  luu. 
X57:  of  Mucury,  319  j  of  Venus.  335: 
of  Jupiter,  411  ;  of  Saturn,  456;  tf 
Uranus,  473 ;  of  Neptune,  490 ;  for- 
mulae for  computation  of,  760  tf  m^.; 
mass  of  planeu  generally,  788. 

Massllia,  37X  785, 786. 

Mean  Mlar  time,  140,  144;  diSiemioatiM 
of,  n  Greenwich,  803.  , 
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Melpomene,  37Z.  785, 780. 

Mercurj.  period  of,  310;  diitance,  311; 
Rreatett  elongation,  3 it ;  orbit,  ^ij  ;  ^P* 
pHrent  motion.  314;  upparent  diameter, 
316;  real  diameter,  317;  volume,  318: 
mast  and  deniity,  319;  lolai  light  and 
heat,  jxo;  alleged  discorery  of  moun- 
Ulns,  313. 

Meridian,  celesUal,  94;  terrcatrlal,  110; 
fixed.  III.  .      . 

Meridional  obwrration*,  reduction  of,8o». 

Meteorolitei,  orbit  of  November  ring  of, 
7«6fl. 

Micrometer,  11;  parailel-wire.  18;  double- 
Image,  10;  wire«,  £8. 
Microicopei,  uie  of,  16, 35. 
Midnight,  141. 
Milkj  waj,  7r8. 
Miller,  observationi  of  ipectra  of  itari  bj, 

Miroai,  449 ;  iti  period  and  distance,  450. 

If  idling  sUri,  691. 

If  n«mo8yne,  371, 785, 786. 

Month,  lunar,  203. 

Moon,  appearance  of,  when  rising  and 
»etting  ;  oval  form  of  disk,  161 ;  distance, 
189;  finear  value  of  t"  on  it,  190;  appa- 
rent  and  real  diameter,  191 ;  apparent 
and  real  motion,  i^  orbit,  194 ;  apsides, 
apogee,  and  perigee,  progression  of  ap- 
sides, 19$;  nodes,  196;  rotation,  197; 
inclinat(onof  axis,  198;  libration  in  lati- 
tude,  199 ;  in  longitude,  200;  phases,  201; 
synodic  period,  203 ;  mass  and  den»itv, 
204 ;  no  air  upon,  205  ;  moonlight,  206 ; 
DO  liquids  on,  207 ;  disk,  210;  surface, 
jtii;  description  or  surlkce,  212;  sup- 
posed influence  of,  on  weather,  21c; 
other  supposed  lunar  influences,  216; 
remarks  on  lunar  theory,  217:  com- 
liarison  of  lustre  of  fUU  moon  with  sun, 
671 :  new  map  of,  8ic. 

Moonlight.  206. 

Mural  circle,  33. 

N. 

Nadir,  93. 

Nasmytn.  hU  willow^leavet  on  the  snn*s 

disk,  809. 
Kauticai  Almanac,  times  of  eclipses  of 

Jupiter's  saUlUtes  given  in,  541. 
Neap  tides,  213. 
Nebula.    See  dusters. 
Nebular  hypothesis,  725. 

Nemausa,J72.78j,786-  .         , 

Neptune,  discovery  of,  474;  researches  of 
Le  Verrler  and  Adams,  477 ;  its  actual 
discovery  by  Oalle  at  Berlin.  479 ;  Its 
predicted  and  obaerved  places  in  near 
proximity.  480 }  orbit,  481 ;  comparison 
of  the  effects  of  the  real  and  predicted 
planets,  483  ;  period,  485 ;  dUUnce,  486 ; 
relative  orbits  of.  and  earth.  487 ;  appa- 
rent and  real  diameter,  488  -,  satellite, 
489;  mass  and  density,  490;  apparent 
mHgnitude  of  the  »un  at,  491 ;  suspected 
ring,  492. 

Newcomb,  researches  on  the  mutual  rela- 
tions between  the  orbit*  of  the  plane- 
toids, 337  a  ;  on  orbit  of  Sirius,  81 1. 

Newton,  H.  A.,  his  researches  on  the 
orbiu  of  moteorolites,  786  a. 


NIcolai,  determination  of  the  mass  of 
Jupiter  by,  411. 

Niobe,  372,  jSs,  786. 

Nodes,  of  moon,  196;  retrogression,  196; 
ascending  and  descending,  of  planets, 
293 ;  line  of,  744 ;  longitude  of  ascending. 

Noon,  141. 

Noi^unoerland  equatorial  at  Cambridge, 

50. 
Nubeculse.  major  and  minor,  738. 
Nucleus  of  a  comet,  618. 
Nutation,  184. 
Njsa,  372, 785, 786. 

O. 

Oberon,  470. 

Obliquity  of  the  ecliptic,  125. 

Observatory,  Royal.  See  Hoffal  Observa- 
tory, 

Occulution,  defined,  $47 ;  by  the  moon, 
548 ;  longitude  determmed  by,  549  ;  in- 
oicates  presence  or  absence  ol  atmo- 
sphere, 5 JO  ;  singular  visibility  of  a  star 
projected  on  moon's  disk  uter  com- 
mencement of,  JJi ;  suggested  applica- 
tion of  lunar  occulutions  to  resolve 
double  stars,  552 :  by  Saturn's  rings.  SSI- 

Olbers,  discovery  of  minor  planets  by,  368, 
^^  ;  hypothesis  of  a  fractured  planet, 
scoverr  of  a  comet  by,  612. 

0(uii].(,  372,785,  7861 

0]n  n ^ I ti < >n,  274 ;  disunce  of  planets  from 
f^Tth  ;rt,78&. 

Or^rcrii  velocities,  formula  for  compuU- 

ti  n,  770;  of  planets  generally,  789 
Ol  i^'».  I  he  great  nebula  in,  736,  813. 
OxJiird,  beliometer  at,  46. 

P. 

Pales,  372,  785. 786. 

Pallas,  368, 785. 786. 

Pandor.i,  372,  785,  786. 

Panopea,  572, 785, 786. 

Parallax,  162 ;  diurnal,  163  ;  horizontal, 
164;  annual,  165 ;  of  sUrs,  168  ;  of  stars 
approximately  asceruined.  171 ;  effects 
of,  in  eclipses,  506 ;  new  determination 
of  the  sun's  equ<itori;tl  horizontal,  807. 

Parthenope,  372, 785, 786. 

Partial  eclipse  of  sun.  501, 

Pastorff,  observations  and  drawings  of 
spoU  on  sun,  246, 247. 

Pendulum  experlmenu  at  Harton,  81. 

Penumbra,  532. 

Perigee,  195. 

Perihelion,  283  ;  place  of,  286 :  longitude 
of.  746. 

Period,  ft66;  synodic,  276;  sidereal,  of 
planeu  generally,  785. 

Periodic  surs,  ubie  or,  667,  81  c. 

Perseus,  remarkable  star  in.  686- 

Peters,  C.  A.  F.,  determination  "f  the 
parallax  of  fixed  surs,  171 ;  comet  dis- 
covered  by,  598. 

Peters,  C.  H,  r.,  minor  planets  discovered 

PhHses,of  moon,  202 ;  of  a  planet,  282  ;  qt 

Venus,  341 ;  of  Mars,  354. 
Phocea,  372, 78J,  786-         ^       , 
Piazzi,  discovery  of  Ceres  by,  367. 
Pigott,  comet  discovered  by,  597. 


526 


INDEX. 


PUnMtMir  daU,  719. 

PUi»«to4ds,  or  inloor  plaaets,  }66;  dfn. 
coT^ry  of  Cere*.  167 :  of  Pdtu,  f6B ; 
Olberi*  hypothesii  of  a'  fkvctared  pla- 
nK.  {69;  dttcovery  of  Jihm,  no;  of 
VmCs,  171 ;  of  the  «»Ch«r  minor  pitfiets, 
17% ;  decroMe  in  brigbtooM  of  •ocen. 
•Ive  armipt  of;  rzt ;  dopHcalo  dl«- 
cov«ne«,}74;  arrangement  Tor  eontlnu-* 
oui  observation  of,  ^75;  aeal  of  dlaeo- 
▼eror*  of,  376 ;  mutual  relattona  beCw^n 
tbo orkika  of,  177a ;  foroo  of  graTkjr  on, 
IT*' 

Planets,  primary  and  secondary,  104; 
planetary  motions,  266 ;  inferior  and  su. 
perior,  Aj ;  periods,  itt ;  synodic  mo> 
tion,  ^69;  geocentric  and  heliocentric 
motions.  170 ;  elongation,  xjt ;  oonjunc- 
tion,  27};  nnxMition,  974;  quadrature. 
rjs ;  synodic  period,  176 ;  Inferior  and 
superior  conjunction,  177:  direct  and 
retrofrade  mwioo,  S7S  :  risible  In  ab- 
sence of  sun,  ft79 ;  mominf  and  evening 
star,  iSo :  appearance  -c*  superior,  at 
Tartous  elongations,  iSi ;  phiist>s,  aSi ; 
perihelion,  apbeli<m,  mean  distance,  aSj; 
major  and  minor  axes  and  evcentricity, 
184  ( apsides,  anomaly,  iSst  place  of  pen. 
hellon,  06 ;  inclination  of^orbits,  nodes. 
a9ai  ■odlac,a94;  to  determine  real  dia- 
meters and  Tolumes,  a^ ;  to  deieraine 
masses,  196;  of  Mars. 298;  of  Venasand 
Mercury.  299 ;  of  the  moon,  ]oo ;  classi- 
fication in  groups,  lak 

Pogson,  discovery  of  minor  planeu  by. 

Pointers,  tto. 

Points,  cardinal.  95  ;  equlnoxlal,  tty. 

Polar  distance,  41. 

Pele-star,  tl 

Polyhymnia,  37^ 78;*  796. 

Pomona,  J7i,  785, 766. 

Pons,  comet  discovered  by.  596. 6li. 

Precession  of  the  equinoxes,  174. 

Prime. vertical  instrument,  48 ;  prime  ver- 
tical, 94. 

Priming  of  the  tides,  J15. 

Proper  motion,  of  Stan,  706 ;  of  sun,  709 
et  $eq.^  Six. 

Proserptn*.  m.  7«J,  196. 

Psyche,  jtx.  785,  786. 

Pulkowa,  prime-vertical  iostroment  at, 
48. 

Pyramids,  remarkable  circumstaBce  oon* 
nected  with,  i8|. 


Quadrature,  275. 


R. 


Radiating  streaks  on  moon's  surface,  xii. 

Rate  of  astronomical  clock,  xx. 

Rays,  solar,  259. 

Reduction  of  meridional  observations, 
80X. 

Reflector,  by  Sir  W.  Herschel,  44;  by 
Lord  ftosse,  45. 

Refraction,  atmospheric,  ifX ;  Isw  of, 
i;i ;  quantity  of,  154 :  notice  of  tables 
or.  j$$\  efl^ct  on  ohjecu  risihg  and 
•«♦**"».  '57  4  effect  of  barometer  on, 
158;  of  thermometer.  159;  oval  form  of 
di«ks  of  sun  and  moon  explained  by,  161 : 
eOiBct  of,  in  total  eclipses,  5 j]. 


Reich,  obiervatfoa  of  Cavendidi'a  csMrf- 
roentby,  80;  of  tbedeeeentof  abcdy  •» 
the  earth  by,  104. 

Retrograde  motion,  27$,  78}. 

Rhea.  449;  Its dtstaaoa and  p»iod,4jo>. 

Right  aaeenskMi.  ji. 

Rings  of  Saturn,  429. 

Roemer,  ohservatioo  of  Jupiter**  artdttM 

RcesefEarl  of,  telescopes  of,  4$;  obaamu 

tions   of  moon,  X14;  of  clancra  aad 

Debul«,  7)1  et  jff . 
Rotation,  uf  planeu  gcMsraRy,  Ttt.    Sine 

the  S-pmrmIe  Ftamett, 
Royal  Observatory,  transit  drdn  M,  47; 

altaslmuth  at,  49;  gr« 

51;  chrooograph  at,  to 

of  mean  time  from,  80) ;  ume.ei«nals 

sent  through  Atlantic  caul*  fro«,  80$. 
Russell,  chart  of  moon  by,  xxi. 


Saflbrd,  Identifkation  of  Fereaia  by,  m ; 
researches  on  orbits  of  Sirhu  aadl  Pro- 
cyon  by,  811. 

Santinf,  determlnatloD  of  the  BasaoT  Ja- 
piter  by,  411. 

Sappho.  172, 78J,  7*6^^ 

Satrtlite*,  to  deCermiae  masses  aC  {o$. 
See  Emrtk,  JmpMtr^  Aaftms,  Vrmmn. 
Ntpttmef  Plajsfff. 

Saturn,  415;  Satumlaa  syctnn.  A.;  period, 
416;  dlsunce,  417;  orbit,  418;  ort»ka: 
notion,  419;  no  phases,  4x0;  statiou 
and  retiogressJons,  421  •,  apparent  a»i 
real  diameter,  42X;  relative awgnitudeoC 
and  eartti,  42}  ;  diurnal  rotation,  ^24; 
inellnaiion  of  axis  to  orbit,  425 ;  «iays 
and  nights,  year,  426:  beks  ana  atmo. 
sphere.  427;  solar  light  and  heat,  418; 
rinn,  429 ;  position  of  nodes  of  ring  aed 
Inclination  to  edli-tic,  i 


',4|0;  ■.. 
real  dimensions  of  rings.  431 ;  thidtneM 
of  rings,  4|x:  Sthmidt^s  obeervatliaM 
and  drawings  of.  434 ;  Harschel's  obeer 
vations,  ^5 ;  supplied  mattiplkity  of 
rings, 436 ;  ring  probably  triple,  ob*erv«. 
tioiis  of  Lasseli  and  Dawes,  417}  re- 
searches  of  Betsel,  438 ;  obscure  ring, 
439;  drawing  of,  and  rings,  in  1852,440; 
mass  of  rma*,  441;  sUbility  of  rings,  442; 
rotation  of  rings,  444;  excentrtclty  01 
rings,  445:  satellites,  447;  their  db- 
^o**^'449i  their  dlstancas  and  periods, 
450;  elongations  and  relative  disunrrt, 
451;  phases  ana  appearances  of  satellite*, 
452 ;  magnitudes,  4$} ;  rotation  on  their 
axes,  45S ;  nuas  of  Saturn,  456 ;  density, 

Scheballien,  hs  attraction  measured,  79. 
SchlaparelU,  ditcovery  of  H^peria  br, 

37X. 
Schmidt,  observatlont  and  drawlags  d 

Saturn  by,  434. 
Schrtfter,  observatloas  of  Veaos  by,  339 
Schubert,  Idenilflcatloa  of  Mrlete  br,  j?^. 
Schwaba,  observations  of  spots  oa  sua  bj, 

%SQ. 
Searle,  discovery  of  Pandora  by,  371. 
Seasons,  129. 
Secehi,  observations  of  the  solar  ecMpss  of 

i860  by,  5x4;   of  spectra  of  stars  bf, 

813. 
Second  00  aarth'f  swCmo,  lan^th  ei;  A^ 


INDEX. 


5»7 


Sidereal  clock  indlcatM  right  ucenslon,  )i. 

aUiereal  Ume,  90, 14A. 

SItlereal  year,  176 ;  of  plaoeu  generally. 


i.2£i- 


Sifthu*  use  of.  10. 

Airlut,  connpanion  lUr  of,  81 1. 

Smyth  and  Maclear,  drawlogi  of  Hall«7*t 

conetby,6fi. 

Solar  edipsea,  500. 

Solar  grarlutlon, 

SoUr  heat      "  *' 


'.-.K 


788.    See  Pttuuu, 

Solar  motion,  direction  of,  711,  811 ;  Te- 
locity of,  Ttx,  811 ;  probable  centre  of, 

.Solar  parallax,  Kncke*»  value,  546^  807; 
new  determination  of.  807. 

SoUr  «TMem,  361 ;  difflcultlei  preMnted 
by  26t ;  arrangement  of  bodies  com- 
poaingtbc,A63  ,  planets,  164;  claHiflca- 
tion  of  planets,  306. 

Solstice,  I  p. 

Spectra  of  »tars  and  nebul«,  81 1, 814. 

Sphere,  celestial,  motion  or,  99. 

Spbr>roidal  form  of  earth,  ^ 

Spots  on  the  son,  239 ;  cause  of,  240;  may 
not  be  blacli,  241 }  variable  in  number. 
14} ;  prevail  generally  in  two  parallel 
sones,  144;  obserratiens  of  Capoc«i,  14$  ; 
ol  Fastouff,  246, 247 ;  of  Sir  J.  Herschel, 
148 ;  ef  Schwabe,  2S0. 

Spring  tides,  223. 

Star,  pole,  §6 ;  nomine  and  erenhig,  280, 
3|-i;  singular  visibility  of,  after  com- 
iBencementofoccultation^55i;  suggested 
application  of  luiiar  occuitatioos  to  ro- 
solve  double  stars,  -152. 

Stars  (fixed),  absence  of  sensible  perallax 
of,  166 ;  Henderson's  discovery  of  paml  • 
lax  of  a  Centauri,  170 ;  parallax  of  a  few 
•tars  ascertained,  171 ;  orders  of  roatrni- 
tode,  6(7 ;  absence  of  disk  proved,  66}  ; 
meaning  of  the  term  magnitude  as  ap- 
plied to,  664;  classification  by  magni- 
tudes arbitrary,  666 ;  Herschel's  astro- 
■settr,  668 ;  comparative  lustre  of  « 
Centauri,  with  fhli  moon,  670 ;  compa- 
rison of  the  intrinsic  splendour  of  sen 
and  fixed  star,  67| ;  Lardner 's  astroroeter , 
674 ;  astrometrlc  table  of  190  principal, 
67s  i  use  of  telescope  In  stellar  observa- 
tions, 676 ;  telescopic  stars,  678 ;  stellar 
nomenclature.  679 ;  use  of  pointers,  680 ; 
of  star  mi^,  681 ;  of  celestial  globe,4i62: 
proper  motion  of,  708 ;  efl^ct  of  suu's 
supposed  motion  on  apparent  places  of, 
710 ;  motkni  of  sun  inferred  ttom  proper 
motion  ol^7ii. 
Stan  (periodic,  temporary,  and  multiple), 
684;  variable,  ^5:  Uble  of  periodir, 
687 :  temporary,  689 ;  missing,  691 ; 
double,  692;  researches  of  Sir  W.  and 
Sir  J.  Herschel.  692 ;  Struve's  clusifi- 
catlon  of  double,  696;  selection  of  double 
697 ;  coloured  double,  696  \  triple  and 
multiple  699  ;  aitrmpts  to  discover  th«t 
parallax  by  double  stars,  too  ;  observa- 
tions of  sir  W.  Herschel,  701 ;  exten- 
sion of  law  of  mvitation  to,  703  ;  orbit 
of  star  around  star.  704 ;  remarkable 
case  of  y  Virginis,  705  (  magnitudes  of 
stellar  orbits.  707. 
Stellar  clusters  and  nebulae,  721.  See 
Ciuitert, 


Stellar  nnmenclatiire,  679. 

Stellar  universe,  2. 

St6phan,  discovery  of  minor  planets  by, 

yn- 

Stbne,  researches  00  solar  peraltox  by,  807. 

Struve,  O.,  researches  on  movement  of 
solar  system  in  space,  711 ;  observatioos 
of  comnaoioQ  of  Sirius,  81  r. 

Struve,  W.,  research  on  parallax  of  fixed 
stars,  171 ;  dimeoaions  of  rings  of  Saturn, 
4|i :  drawing  of  Encke's  comet,  627 ;  of 
Halley's  comet,  6a/^H§eq, ;  classification 
of  double  stars  by,  696. 

Sun,  distance,  14$;  oval  form  of  disk 
near  rising  A.nd  setting,  161 :  eflect  of  at- 
traction on  tides,  222 ;  apparent  and  real 
magnitude,  234:  surCMe  and  volume, 
236 ;  muss  and  density,  237 ;  ft>rm  and 
rotation.  238 ;  spots,  239 ;  atmospheres, 
241 ;  observations  1^  Capocci,  345 ;  by 
PastorflT,  246,  247 ;  by  Sir  J.  Herschel, 
248 ;  by  Schwabe,  2$o  \  coating  of.  252 ; 
test  proposed  by  Arago,  253 ;  rays  calo- 
rific, 259;  probable  cause  of  solar  heal, 
t6o }  disunce  determined  Xn  transit  of 
Venus,  546;  comparison  or  lu«tre  of, 
with  f^jii  moon,  671  \  of  light  with  a 
Centauri,  672;  of  Intrinsic  splendour  of, 
and  fixed  sUr.  673  :  not  a  fixed  centre. 
709 ;  eflTect  of  supposed  motion  on  places 
or  the  stars.  7ie ;  velocity  of  solar  mo- 
tion, 712 ;  probable  centre  of  solar  mo. 
tion,  713 ;  Nasmyth's  willow-leaves  00, 
809. 

Superficial  gravity,  769. 

Superior  planet,  apparent  motion  of,  782 ; 
as  projected  on  the  ecliptic,  784. 

Surface,  formula  for  computation  of,  759 ; 
of  planeu  geoerally,  787. 

Sylvia,  372. 

Synodic  motion,  269;  period.  276. 

Synoptical  table  of  the  principal  elements 
of  the  planetary  system,  785 ;  for  Mer- 
cury, Venus,  the  EMrth,  and  Mart,  for 
intervals  of  20,000  )ears,  785  a. 


Tail  of  comets,  ^3. 

Telegraphic  time-signals,  803;   through 

Atlantic  cable,  805. 
Telescope,  9.  If ;  use  of,  in  stellar  ob- 
servation's, 676. 

?  em  pel,  difcoverjr  of  minor  planets  by,  372. 
emporary  stars,  seen  by  Hipparchu«, 
6B9  ( l>y  Tycbo  Brahe,669i  by  Mr.  Hind, 


Terpsichore,  372,  78^,  786. 
Terrestrial  equator,  poles. 


and  meridians. 


Terrestrial  longitudes,  obserred  diiference 
of,  804. 

Tethvs,  449 ;  iU  distance  and  period.  450. 

Thalia,  372.  785,  786. 

Themis,  372 ;  m^ss  of  Jupiter  f^om  ob- 
servations of,  411;  elements  of  01  bit, 
&a,  785,  786. 

Thermometer,  cflbct  of  reading  of,  on  re- 
fraction, 159. 

Thetis.  372, 785,  786. 

Thisbe.  172, 785. 786. 

tides,  218 ;  lunar  influence,  219 ;  sun's  at- 
traction, 222 :  spring  and  neap,  X2j  ; 
priming  and  lagging,  225 ;  researches  of 
Wbewell  and  Lubbock,  226 ;  diurnal  in- 
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anaHtf.  tit :  local  e«ectt  of  land.  &a9; 

vHoctty  of  tidal  wave.  &|0'  note,  iji ; 

cAkCot  alaotplwr*,  ija. 
TtecjcB,  diacovcry  of  Senile  by,  |7X. 
Tlni«,  tklcrcal,  90.  141 ;  mean  solar,  or 

ctrU.  140, 144 ;  apparent  Mlar,  144 1  equa> 

tioaoT,  144. 
Titaii,449;  its  dlatanea  and  pariod,  490. 
Tltaala,470. 

Toul  cdipaa,  of  saii«  9c^  ;  ofaM)on«  5tS. 
Trade  vmds.  xn, 
Tnmsit-cfrele,  Greenwich,  47. 
Transit  iDctraiaettt,  i). 
Transit  obaerration,  meCbod  afMakfaif  a. 

aS;  rcdnrtkM  of,  toa. 
Traavlt,  of  Jupiter's  saiellitM,  535 :  of  tb« 

inferior  planets,  (44:  conditiona,  544; 

Intenrals,  545 :  rair*  distance  detcnnined 

bf .  of  Vemas.  S46.  SeeSoMjpie. 
Tropical  or  cqatitoxlal  jaar,  17& 
Tmpics,  i;{. 

Tattle,  dlacMfvcry  of  Minor  plaoatt  bf,  ITS. 
TwIUffot.  160,  }44. 
Tycbo,ttx 
iTcbo  Braha,  temporary  star  obaarrad  by, 

U. 


T;inbrid,47a 

ITrania, 

Uranos, 


Trania,  m,  Ttj,  jtS. 

Jranos^disooverr  of,  4at;  period,  459;  he- 
lloeentrtc  oaodon,  4M  ;  distance,  46a ; 
ortilt,  463 :  orbital  001100,464 ;  apparent 
and  real  diaoicCer,  465 ;  suHace  and  to- 
lume.  466 ;  diomal  rotiation  and  physi* 
cal  character  of  surface,  467 ;  solar  light 
and  heat,  468  ;  snspectrd  rlius, 469;  sa- 
telUtaa,  470 ;  incKaation  of  their  orWta, 
471  ;  th«4r  modoQ  and  phases,  471 ; 
nuM  ssmI  densitT  of  Uranas,  473  ;  on- 
explaiaed  disturbanaes  of  aMidon,  475 ; 
rcesarfcable  aotidpatioa  of  the  discovery 
dittos* 

V. 

VaWida  island,  detannloatlon  of  loogi. 

tudeof.  S04. 
VariaMe  stars,  665 ;  catalogue  of,  815. 
Velocity,  orbital,  forvofai  tor  compoution 

nf,  770  ;  of  planets  generally,  789. 
Venus,  mass  of,  299;    perHid,  1*4 1  ^•- 

tauce.  315  ;  orbit,  jxj ;  apparent  moCioa, 


3x8:  itatioos  and  rrtrogiession,  3^;: 
uww ning and e leninit  star,  331;  apparrtf 
dianieter^32 ;  real  diameter,  334; 


iir,  33  J :    sopc] 

336 ;  solar  light  and  heat.  337 ;  rocatkiQ. 
probable  mountains,  338,  oboerwl«w 
of  Casslnl,  Hersch^f,  and  Scbr« 
339 ;  of  Beer  and  Midler.  340 ;  of 


Scbr&cr, 
139 ;  of  Beer  and  Midler.  340 ;  of  Dr 
Vko,  341 ;  axis  of  roiatioa.  343 ;  t wil%hc 
344;  fonn,  swpacted  aate&te,  345- 

Vernier,  15. 

Vertical  circles,  ^ 

Vertical,  prime. 

Vest 

Vico 


Vertical,  prime,  oi. 
comets  discovered  by. 


^^    __,,^w„,^    «,,     $84,613. 

Vtetoria,  371.785, 786 

Virginia,  371,  78c.  786. 

Virginia,  orbit  of  y,  705. 

Volume,  of  moon.  ^04:  of  svn.  356. 
method  of  determininr.  a95  ;  of  Slcr. 

,  cury,  318 ;  of  Joptter.  389;  <tf  Saton, 
4x3 ;  oc  Uranus,  4(66  ;  formula  for  com- 
putation of.  759;  of  earth,  764  ;  of 
planeU  generallT,  787. 

Vulcan,  allesed  ditcovery  of;  309. 


Watson,  dlsoovery  of  Kmynome  by.  371. 
Weather,  supposed  influence  of  moan  on. 

115. 
Wntphal,  comet  discorered  br,  615. 
WbeweU,  researches  00  tide*  by,  zi6. 
Willow-leaves  00  sun's  sorteoe,  discovered 

by  Nasnyth.  S09. 
Wlitds,  trade,  233. 
WinoedbP,  com«c  discovered  by.  586  ;  re- 

M-arcbes  on  solar  parallax,  807. 
Witte,  Madame,  model  of  mooo  by.  xii. 
Wcllmton,  comparison  of  the  lustre  of  the 
and  son,  671. 


Tear.  eqoh|OTlal  or  tropical,  176:  •k}<w 
real,sft. 


Zenith,  84. 93  ;  distance,  i»,  97. 
Zodiac,  131,  X9f  i  signs  of,  13X. 
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